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1. SCOPE

1.1 IDENTIFICATION

The Advanced Propagation Model (APM) Version 1.3.1 computer software
configuration item (CSCI) calculates range-dependent electromagnetic (EM) system
propagation loss within a heterogeneous atmospheric medium over variable terrain, where
the radio-frequency index of refraction is allowed to vary both vertically and horizontally,
also accounting for terrain and rough sea surface effects along the path of propagation.

1.2 SYSTEM OVERVIEW

The APM CSCI model will calculate propagation loss values as EM energy
propagates through a laterally heterogeneous atmospheric medium where the index of
refraction is allowed to vary both vertically and horizontally, also accounting for terrain
effects along the path of propagation.  Numerous Naval Integrated Tactical
Environmental Subsystem (NITES) applications require EM-system propagation loss
values. The required APM model described by this document may be applied to two such
NITES applications, one of which displays propagation loss on a range versus height
scale (commonly referred to as a coverage diagram) and one which displays propagation
loss on a propagation loss versus range/height scale (commonly referred to as a loss
diagram).

1.3 DOCUMENT OVERVIEW

This document specifies the functional requirements that are to be met by the
APM CSCI. A discussion of the input software requirements is presented together with a
general description of the internal structure of the APM CSCI as it relates to the CSCI’s
capability.
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3. REQUIREMENTS

3.1 CSCI CAPABILITY REQUIREMENTS

The required APM CSCI propagation model is a range-dependent true hybrid
model that uses the complementary strengths of both Ray Optics (RO) and Parabolic
Equation (PE) techniques to calculate propagation loss both in range and altitude.

The atmospheric volume is divided into regions which lend themselves to the

application of the various propagation loss calculation methods. Figure 1 illustrates these
regions.

FE region RO region XO region

Height ———

PE region

Range ———

Figure 1. APM calculation regions.

For antenna elevation angles above 5 degrees or for ranges less than
approximately 2.5 kilometers (km), a flat-earth (FE) ray-optics model is used. In this
region, only receiver height is corrected for average refraction and earth curvature.

Within the RO region (as defined by a limiting ray), propagation loss is calculated
from the mutual interference between the direct-path and surface-reflected ray
components using the refractivity profile at zero range. Full account is given to focusing
or de-focusing along both direct and reflected ray paths and to the integrated optical path
length difference between the two ray paths, to give precise phase difference, and, hence,
accurate coherent sums for the computation of propagation loss.



For the low-altitude region beyond the RO region, a PE approximation to the
Helmholtz full wave equation is employed. The PE model allows for range-dependent
refractivity profiles and variable terrain along the propagation path and uses a split step
Fourier method for the solution of the PE. The PE model is run in the minimum region
required to contain all terrain and trapping layer heights.

For the area beyond the RO region but above the PE region, an extended optics
region (XO) is defined. Within the XO region, ray-optics methods which are initialized
by the PE solution given below are used.

APM will run in three “execution” modes depending on environmental inputs.
APM will use the FE, RO, XO, and PE models if the terrain profile is flat for the first 2.5
km and if the antenna height is less than or equal to 100 m. It will use only the XO and
PE models if the terrain profile is not flat for the first 2.5 km and if the antenna height is
less than or equal to 100 m. For applications in which the antenna height is greater than
100 meters, a combination of FE and PE methods are used. The FE model is used for all
propagation angles greater than +5° from the source and the PE model is used for angles
less than £5°. By default, APM will automatically choose which mode of operation it
will use for a specified set of inputs. However, the ability to run only the PE model for
any case is allowed by setting a logical flag upon input.

The APM CSCI allows for horizontal and vertical antenna polarization, finite
conductivity based on user-specified ground composition and dielectric parameters, rough
sea surface effects, and the complete range of EM system parameters and most antenna
patterns required by NITES. APM also allows for gaseous absorption effects in all sub-
models and computes troposcatter losses within the diffraction region and beyond.

The program flow of the required APM CSCl is illustrated Figure 2. Note that the
APM CSCI is shown within the context of a calling CSCI application such as one that
generates a coverage or loss diagram. The efficient implementation of the APM CSCI
will have far reaching consequences upon the design of an application CSCI beyond those
mentioned in Section 3.10. For example, Figure 2 shows checking for the existence of a
previously created APM output file prior to the access of the APM CSCI. The application
CSCI will have to consider if the atmospheric or terrain environment has changed since
the APM output file was created or if any new height or range requirement is
accommodated within the existing APM CSCI output file. Because these and many more
considerations are beyond the scope of this document to describe, an application CSCI
designer should work closely with the APM CSCI development agency in the
implementation of the APM CSCI. Figure 3 through Figure 6 illustrate the program flow
for the main compute software components (CSC), APMINIT CSC, APMSTEP CSC,
XOINIT CSC, and XOSTEP CSC, respectively.
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The APM CSCI is divided into four main computer software components (CSC)
and 47 additional software units (SUs). The name, purpose, and a general description of
processing required for each SU follows.

3.1.1 Advanced Propagation Model Initialization (APMINIT) CSC
The purpose of the APMINIT CSC is to interface with various SUs for the
complete initialization of the APM CSCL

The atmospheric volume must be “covered” or resolved with a mesh of
calculation points which will normally exceed the height/range resolution requirements of
the particular application of the APM CSCI. Upon entering the APMINIT CSC, a range
and height grid size per the APM CSCI output point is calculated from the number of
APM outputs and the maximum CSCI range and height.

A TERINIT SU is referenced to examine the terrain profile. The minimum terrain
height is determined, and then the entire terrain profile is adjusted by this height so that



all internal calculations are referenced to this height. This is done in order to minimize
the required PE transform size.

User-specified environmental and system parameters are examined to determine if
the APM CSCI will execute in a full hybrid mode, a partial hybrid mode, or PE-only
mode.

A REFINIT SU is referenced to initialize the NITES CSCI specified modified
refractivity and also to test for valid environment profiles. A PROFREF SU adjusts the
environment profiles by the internal reference height, and a INTPROF SU defines the
modified refractivity at all PE vertical mesh points.

If rough surface calculations are required (i.e., a non-zero wind speed is specified)
a GETGRAZE SU is referenced to determine the grazing angles for the given refractivity
profile. The grazing angles are then sorted and a GRAZE INT SU is referenced to
combine grazing angles computed by both methods (if necessary) and interpolate for
subsequent use in rough surface calculations.

In order to automatically determine the maximum PE calculation angle, a
GETTHMAX SU is referenced. This determines, via ray tracing, the minimum angle for
which adequate coverage can be given with the specified terrain and environment profile.
A FFTPAR SU is referenced to determine the Fast-Fourier transform (FFT) size for the
calculated angle and to initialize data elements within the PE region which are dependent
on the size of the FFT. The minimum size for the FFT is determined from the Nyquist
criterion. There is also an option to activate only the PE algorithm within the APM CSCI,
regardless of inputs. If this option is enabled, the PE maximum calculation angle is
supplied by the calling CSCIL.

If vertical polarization is specified, then additional calculations are performed in
the starter solution using Kuttler and Dockery’s mixed transform method (Refs. 8, 9). In
this case, a DIEINIT SU is used to initialize dielectric ground constants. For general
ground types, the permittivity and conductivity are calculated as a function of frequency
from curve fits to the permittivity and conductivity graphs shown in recommendations
and reports of the International Radio Consulting Committee (Ref. 4).

A PE initialization SU (PEINIT) is referenced to initialize all variables and arrays
associated with PE calculations. A XYINIT SU and an antenna pattern factor SU
(ANTPAT) are referenced to generate a first solution to the PE. A FFT SU is referenced
for data elements required in obtaining the PE’s starting solution.

If rough surface calculations are required, or if performing a finite-conducting
boundary case, then a ALN INIT SU is referenced to initialize field variables used in the
mixed transform algorithm.

10



If running in a full hybrid mode, a FILLHT SU is referenced to determine the
heights at each output range separating the FE, RO, and PE calculation regions. If
running in a partial hybrid or PE-only mode, then the heights at each output range are
determined, below which propagation loss/factor solutions are valid. No propagation
loss/factor solutions are provided above these heights for those execution modes.

A TROPOINIT SU is referenced to initialize all variables and arrays associated
with troposcatter calculations. This is referenced only if the user has enabled the 7},
flag.

Finally, a GASABS SU is referenced to initialize the attenuation parameter due to
oxygen and water vapor absorption.

3.1.1.1 Allocate Arrays APM (ALLARRAY_APM) SU

The purpose of the ALLARRAY APM SU is to allocate and initialize all
dynamically dimensioned arrays associated with APM terrain, refractivity, troposcatter,
and general variable arrays.

3.1.1.2 Allocate Array PE (ALLARRAY_PE) SU
The purpose of the ALLARRAY PE SU is to allocate and initialize all
dynamically dimensioned arrays associated with PE calculations.

3.1.1.3 Allocate Array RO (ALLARRAY_RO) SU
The purpose of the ALLARRAY RO SU is to allocate and initialize all
dynamically dimensioned arrays associated with RO calculations.

3.1.1.4 Allocate Array XORUF (ALLARRAY_XORUF) SU
The purpose of the ALLARRAY XORUF SU is to allocate and initialize all
dynamically dimensioned arrays associated with XO and rough surface calculations.

3.1.1.5 Alpha Impedance Initialization (ALN_INIT) SU

The purpose of the ALN INIT SU is to initialize variables used in the discrete
mixed Fourier transform (DMFT) algorithm for finite conductivity and/or rough surface
calculations.

3.1.1.6 Antenna Pattern (ANTPAT) SU
The purpose of the ANTPAT SU is to calculate a normalized antenna gain
(antenna pattern factor) for a specified antenna elevation angle.

From the antenna beam width, elevation angle (an angle for which the antenna
pattern factor is desired) and the antenna radiation pattern type, an antenna factor is
calculated.

11



3.1.1.7 Dielectric Initialization (DIEINIT) SU
The purpose of the DIEINIT SU is to determine the conductivity and relative
permittivity as functions of frequency in MHz based on general ground composition

types.

3.1.1.8 FFT Parameters (FFTPAR) SU

The purpose of the FFTPAR SU is to determine the required transform size based
on the maximum PE propagation angle and the maximum height needed. If running in
full or partial hybrid modes, the maximum height needed is the height necessary to
encompass at least 20% above the maximum terrain peak along the path or the highest
trapping layer specified in the environment profiles, whichever is greater. If running in a
PE-only mode, the maximum height needed is the specified maximum output height. An
error is returned if the computed transform size reaches 2°°.

For computational efficiency reasons, an artificial upper boundary must be
established for the PE solution. To prevent upward propagating energy from being
“reflected” downward from this boundary and contaminating the PE solution, the PE
solution field strength should be attenuated or “filtered” above a certain height to ensure
that the field strength just below this boundary is reduced to zero.

The total number of vertical points for which a transformation will be computed is
determined. This term is also referred to as the FFT size. The filtering boundary height is
also determined.

3.1.1.9 Fill Height Arrays (FILLHT) SU

The purpose of the FILLHT SU is to calculate the effective earth radius for an
initial launch angle of 5° and to fill an array with height values at each output range of the
limiting sub-model, depending on which mode is being used. If running in a full hybrid
mode, the array contains height values at each output range separating the FE from the
RO region. If running in other modes, the array contains those height values at each
output range at which the initial launch angle has been traced to the ground or surface.
For an execution mode in which PE and XO models are used, these height values
represent the separating region where, above that height, valid loss is computed, and
below that height, no loss is computed. This is done so only loss values that fall within a
valid calculation region are output. For airborne applications in which a combination of
PE and FE models are used, the array contains the height values at each range separating
the FE and PE regions.

3.1.1.10 Gaseous Absorption (GASABS) SU

The purpose of the GASABS SU is to compute the specific attenuation based on
air temperature and absolute humidity. This SU is based on CCIR (International
Telecommunication Union, International Radio Consultative Committee, now the ITU-R)

Recommendation 676-1, “Attenuation by Atmospheric Gases in the Frequency Range
1-350 GHz.”

12



3.1.1.11 Get Effective Earth Radius Factor (GET_K) SU

The purpose of the GET K SU is to compute the effective earth radius factor and
the effective earth radius. The computation is made for a launch angle of 5° if the SU is
called from the APMINIT CSC. If called from the TROPOINIT SU, then the
computation is made for a launch angle equal to the critical angle.

3.1.1.12 Get Alpha Impedance (GETALN) SU

The purpose of the GETALN SU is to compute the impedance term in the
Leontovich boundary condition, and the complex index of refraction for finite
conductivity, vertical polarization, and rough sea surface calculations. These formulas
follow Kuttler and Dockery’s method (Ref. 9).

3.1.1.13 Get Grazing Angle (GETGRAZE) SU

The purpose of the GETGRAZE SU is to compute the grazing angles at each PE
range step for subsequent use in rough sea surface calculations. The grazing angle
computation is done using two methods. The first method uses ray trace by referencing a
RDTRACE SU to compute grazing angles. The second is done by spectral estimation of
the near-surface PE field. The near-surface PE field is computed by performing a “PE
run” for a smooth surface, perfect conducting, horizontal polarization case at a fixed
frequency (10 GHz) and fixed PE maximum calculation angle (4°).

3.1.1.14 Get Maximum Angle (GETTHMAX) SU

The purpose of the GETTHMAX SU is to perform an iterative ray trace to
determine the minimum angle required (based on the reflected ray) in obtaining a PE
solution. The determination of this angle will depend on the particular mode of
execution. For the full and partial hybrid modes, a ray is traced up to a height that
exceeds at least 20% above the maximum terrain peak along the path or the highest
trapping layer specified in the environment profiles, whichever is greater. The maximum
PE propagation angle is then determined from the local maximum angle of the traced ray.

3.1.1.15 Grazing Angle Interpolation (GRAZE_INT) SU

The purpose of the GRAZE INT SU is to interpolate grazing angles at each PE
range step based on angles computed from ray trace (takes precedence) and those
computed from spectral estimation. These are used for subsequent rough surface
calculations.

3.1.1.16 Interpolate Profile (INTPROF) SU

The purpose of the INTPROF SU is to perform a linear interpolation vertically
with height on the refractivity profile. Interpolation is performed at each PE mesh height
point.

3.1.1.17 PE Initialization (PEINIT) SU
The purpose of the PEINIT SU is to initialize all variables used in the PE model
for subsequent calls to the PESTEP SU. The PE calculation height mesh and range step
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size are determined. The free-space propagator term is computed at each PE angle, or p-
space, mesh point using the wide-angle propagator. A filter, or attenuation function
(frequently called “window”), is applied to the upper "4 of the array corresponding to the
highest 4 of the maximum propagation angle. Next, the environmental phase term is
computed at each PE height, or z-space, mesh point (if performing a smooth surface,
refractive homogeneous case). A filter, or attenuation function (frequently called
“window”), is applied to the upper % of the mesh points corresponding to the highest 4
of the calculation height domain. Finally, a XYINIT SU is referenced to initialize the PE
starting field.

3.1.1.18 Profile Reference (PROFREF) SU

The purpose of the PROFREF SU is to adjust the current refractivity profile so
that it is relative to a reference height. The reference height is initially the minimum
height of the terrain profile. Upon subsequent calls from the PESTEP SU, the refractivity
profile is adjusted by the local ground height at each PE range step.

3.1.1.19 RD Trace (RDTRACE) SU

The purpose of the RDTRACE SU is to perform ray traces of many rays launched
within an angle of +4°. All angles from rays striking the surface are then sorted and
stored for subsequent interpolation in the GRAZE INT SU.

3.1.1.20 Refractivity Initialization (REFINIT) SU
The purpose of the REFINIT SU is to check for valid environmental profile inputs
and to initialize all refractivity arrays.

The environmental data is checked for a range-dependent profile and tested to
determine if the range of the last profile entered is less than the maximum output range
specified. If so, an integer error flag is returned and the SU exited, depending on the
values of logical error flags set in the NITES CSCI itself.

The REFINIT SU also tests for valid refractivity level entries for each profile. If
the last gradient in any profile is negative, it returns an integer error flag and the SU is
exited. If no errors are detected, the REFINIT SU then extrapolates the environmental
profiles vertically to 1000 km in height. Extrapolation is not performed horizontally from
the last provided profile; rather, the last provided environment profile is duplicated at 10’
km in range. This duplication of profiles is done by the REFINTER SU. Finally, the
REFINIT SU checks if an evaporation duct profile has been specified.

3.1.1.21 Remove Duplicate Refractivity Levels (REMDUP) SU
The purpose of the REMDUP SU is to remove any duplicate refractivity levels in
the currently interpolated profile.
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3.1.1.22 Terrain Initialization (TERINIT) SU

The purpose of the TERINIT SU is to examine and initialize terrain arrays for
subsequent use in PE calculations. It tests for and determines a range increment if it is
found that range/height points are provided in fixed range increments. The minimum
terrain height is determined and the entire terrain profile is adjusted so all internal
calculations are referenced to this height. This is done in order to maximize the PE
transform calculation volume.

3.1.1.23 Trace to Output Range (TRACE_ROUT) SU

The purpose of the TRACE ROUT SU is to trace a single ray, whose launch
angle is specified by the calling routine, to each output range. The height of this ray is
stored at each output range for subsequent proper indexing and accessing of the
appropriate sub-models.

3.1.1.24 Troposcatter Initialization (TROPOINIT) SU

The purpose of the TROPOINIT SU is to initialize all variables and arrays needed
for subsequent troposcatter calculations. The tangent range and tangent angle are
determined from the source and from all receiver heights and stored in arrays.

3.1.1.25 Starter Field Initialization (XYINIT) SU
The purpose of the XYINIT SU is to calculate the complex PE solution at range
Zero.

Several constant terms which will be employed over the entire PE mesh are
calculated. These are the angle difference between mesh points in p-space and a height-
gain value at the source (transmitter).

For each point in the PE p-space mesh, the antenna pattern ANTPAT SU is
referenced to obtain an antenna pattern factor for both a direct-path ray and a surface-
reflected ray. The complex portions of the PE solution are then determined from the
antenna pattern factors, elevation angle, and antenna height. The initial field assumes the
source is over a perfectly conducting ground.

3.1.2 Advanced Propagation Model Step (APMSTEP) CSC

The purpose of the APMSTEP CSC is to advance the entire APM CSCI algorithm
one output range step, referencing various SUs to calculate the propagation loss at the
current output range. At this current range, APM calculations will be made within the
vertical (up to the maximum PE height region) by accessing the appropriate region’s SUs.

The current output range is determined. The PESTEP SU is referenced to obtain
the PE portion of the propagation loss at this new range.
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For an airborne application, the AIRBORNE SU is referenced to obtain the FE
portion of the propagation loss above and below the PE maximum propagation angle.

If running in full hybrid mode, then based upon a height array index used within
the FE region, a determination is made for the necessity to include FE propagation
calculations. If so, the FEM SU is referenced to obtain the FE portion of the propagation
loss. If a FE calculation is made, the maximum height index for the RO region is
adjusted (with the minimum height index corresponding to the maximum height index of
the PE region), and the ROM SU is referenced to obtain the RO portion of the
propagation loss at the current range. FE and RO propagation loss will be computed only
up to the range at which XO calculations will be performed.

If running in a partial hybrid (PE + XO) mode, then only the PESTEP SU will be
referenced to obtain the PE portion of the propagation loss at this new range.

Finally, absorption loss is computed for the current range and added to the
propagation loss at all heights.

3.1.2.1 Airborne Hybrid Model (AIRBORNE) SU

The purpose of the AIRBORNE SU is to determine propagation loss based on
flat-earth calculations for the direct ray path only for regions above and below the PE
maximum propagation angle.

3.1.2.2 Calculate Propagation Loss (CALCLOS) SU
The purpose of the CALCLOS SU is to determine the propagation loss from the
complex PE field at each output height point at the current output range.

The local ground height at the current output range is determined. All propagation
loss/factor values at output height points up to the local ground height are then set to
-999. The first valid loss point is determined corresponding to the first output height
point above the ground height. Next, the last valid loss point is determined based on the
smaller of the maximum output height or the height traced along the maximum PE
propagation angle to the current output range.

From the height of the first valid loss point to the height of the last valid loss
point, the GETPFAC SU is referenced to obtain the propagation factor in dB (field
strength relative to free space) at all corresponding output heights at the previous and
current PE ranges. Then, for each valid output height, horizontal interpolation in range is
performed to obtain the propagation factor at the current output range. From the
propagation factor and the free-space loss, the propagation loss at each valid output height
is determined, with the propagation loss/factor set to -1000 for all output height points
above the last valid output height but less than the maximum output height.
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If running in full or partial hybrid modes, the propagation factor at the top of the
PE region is determined at every output range and stored in an array for future reference
in XO calculations. If troposcatter calculations are desired, the TROPOSCAT SU is
referenced with the results added to the propagation loss/factor array. Absorption loss is
computed for the current range and added to the propagation loss at all heights. All
loss/factor values returned to the NITES CSCI at this point are in centibels (10 cB =1
dB).

3.1.2.3 DoShift SU
The purpose of the DOSHIFT SU is to shift the complex PE field by the number
of bins, or PE mesh heights corresponding to the local ground height.

Upon entering, the number of bins to be shifted are determined. The PE solution
is then shifted downward if the local ground is currently at a positive slope, and upward if
the local ground is at a negative slope.

3.1.2.4 Discrete Sine/Cosine Fast-Fourier Transform (DRST) SU

A function with a common period, such as a solution to the wave equation, may
be represented by a series consisting of sines and cosines. This representation is known
as a Fourier series. An analytical transformation of this function, known as a Fourier
transform, may be used to obtain a solution for the function.

The solution to the PE approximation to Maxwell’s wave equation is to be
obtained by using such a Fourier transformation function. The APM CSCI requires the
real-valued sine and cosine transformations in which the real and imaginary parts of the
PE equation are transformed separately. A Fourier transformation for possible use with
the APM CSCl is described by Bergland (Ref. 1) and Cooley, Lewis, and Welsh (Ref. 2).

3.1.2.5 Flat-Earth Model (FEM) SU

The purpose of the FEM SU is to compute propagation loss at a specified range
based upon flat-earth approximations. Receiver heights are corrected for earth curvature
and average refraction based on twice the effective earth radius computed in the GET K
SU. The following steps are performed for each APM output height.

1. The path lengths and elevation angles for both the direct-path and surface-reflected
path, along with the grazing angle, are computed from simple right triangle
calculations. Using the two elevation angles, the ANTPAT SU is referenced to obtain
an antenna pattern factor for each angle. Using the grazing angle, the GETREFCOEF
SU is referenced to obtain the magnitude and phase lag of the surface reflection
coefficient.

2. From the path length difference, the phase lag of the surface reflected ray, and the
wave number, a total phase lag is determined. Using the total phase lag, the
magnitude of the surface reflection coefficient and the two antenna pattern factors, the
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two ray components are coherently summed to obtain a propagation factor. The
propagation factor, together with the free-space propagation loss and path length
difference of the direct-path ray are used to compute the propagation loss.

3.1.2.6 Fast-Fourier Transform (FFT) SU

The purpose of the FFT SU is to separate the real and imaginary components of
the complex PE field into two real arrays and then reference the DRST SU which
transforms each portion of the PE solution.

3.1.2.7 Free-Space Range Step (FRSTP) SU
The purpose of the FRSTP SU is to propagate the complex PE solution field in
free space by one range step.

The PE field is transformed to p-space and then multiplied by the free-space
propagator. Before exiting, the PE field is transformed back to z-space. Both transforms
are performed using a FFT SU.

3.1.2.8 FZLIM SU

The purpose of the FZLIM SU is to determine both the propagation factor (in dB)
and the outgoing propagation angle at the top of the PE calculation region. These values,
along with the corresponding PE range, are stored for future reference by the XOINIT SU.

The GETPFAC SU is referenced to determine the propagation factor at the last
height mesh point in the valid part of the PE region. The propagation factor, along with
the range and the local ray angle (determined from the ray traced separating the RO and
PE regions), is stored if this is the first call to the FZLIM SU. The SPECEST SU is then
referenced to determine the outgoing propagation angle. Depending on the change of
angles from one range step to the next, the calculated outgoing angle will be limited. The
storage array counter is incremented and the outgoing angle stored.

Before exiting, the SAVEPRO SU is referenced to store the refractivity profiles
from the top of the PE region to the maximum specified coverage height.

3.1.2.9 Get Propagation Factor (GETPFAC) SU
The purpose of the GETPFAC SU is to determine the propagation factor at the
specified height in dB.

A vertical interpolation with height on the PE solution field is performed to obtain
the magnitude of the field at the desired output height point. An additional calculation is
made and the propagation factor is then returned in dB.
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3.1.2.10 Get Reflection Coefficient (GETREFCOEF) SU
The purpose of the GETREFCOEF SU is to calculate the complex surface
reflection coefficient, along with the magnitude and phase angle.

The complex reflection coefficient is computed from a specified grazing angle and
is based on the Fresnel reflection coefficient equations for vertical and horizontal
polarization. The magnitude and phase angle are determined from the complex reflection
coefficient. If rough surface calculations are required, the smooth surface reflection
coefficient is then modified by the Miller-Brown rough surface reduction factor, which is
a function of wind speed and grazing angle.

3.1.2.11 Mixed Fourier Transform (MIXEDFT) SU

The purpose of the MIXEDFT SU is to propagate the PE field in free space one
PE range step, applying the Leontovich boundary condition, using the mixed Fourier
transform as outlined by Kuttler and Dockery (Ref. 9). For finite conducting boundaries
(i.e., if vertical polarization is specified or rough surface calculations are required) and the
frequency is less than 400 MHz, the central difference form of the DMFT is used. If the
frequency is greater than 400 MHz, the backward difference form of the DMFT is used.

3.1.2.12 Parabolic Equation Step (PESTEP) SU
The purpose of the PESTEP SU is to advance the PE solution one output range
step, referencing various SUs to calculate the propagation loss at the current output range.

The next output range is determined and an iterative loop begun to advance the PE
solution such that for the current PE range, a PE solution is calculated from the solution
at the previous PE range. This procedure is repeated until the output range is reached.

At each PE range step, the local ground height is determined and the PE field is
“shifted” by the number of bins, or PE mesh height points, corresponding to the local
ground height. This is performed in the DOSHIFT SU.

If the APM CSCl is being used in a range-dependent mode, that is, more than one
profile has been input, or a terrain profile is specified, the REFINTER SU is referenced to
compute a new modified refractive index profile adjusted by the local ground height at
the current range. A new environmental phase term is computed using this new
refractivity profile.

If using vertical polarization and the current ground type has changed from the
previous one, or rough surface calculations are required, a GETALN SU is referenced to
determine the impedance term and all associated variables used for the mixed transform
calculations.
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If rough surface calculations are required, or if using vertical polarization, then a
MIXEDEFT SU is referenced; otherwise, a FRSTP SU is referenced to advance the PE
solution one range step in free space. The environmental phase term is then applied to
obtain the new final PE solution at the current range. Once all calculations are made to
determine the PE field at the current PE range, the FZLIM SU is referenced to determine
and store the outgoing propagation factor and propagation angle at the top of the PE
region. The FZLIM SU is only referenced if running in full or partial hybrid modes.
Finally, a CALCLOS SU is referenced to obtain the propagation loss/factor at the desired
output heights at the current output range.

3.1.2.13 Ray Trace (RAYTRACE) SU

Using standard ray trace techniques, a ray is traced from a starting height and
range with a specified starting elevation angle to a termination range. As the ray is being
traced, an optical path length difference and a derivative of range with respect to elevation
angle are being continuously computed. If the ray should reflect from the surface, a
grazing angle is determined. Upon reaching the termination range, a terminal elevation
angle is determined along with a termination height.

3.1.2.14 Refractivity Interpolation (REFINTER) SU

The purpose of the REFINTER SU is to interpolate both horizontally and
vertically on the modified refractivity profiles. Profiles are then adjusted so they are
relative to the local ground height.

If range-dependent refractive profiles have been specified, horizontal interpolation
to the current PE range is performed between the two neighboring profiles. A REMDUP
SU is referenced to remove duplicate refractivity levels, and the PROFREF SU is then
referenced to adjust the new profile relative to the internal reference height corresponding
to the minimum height of the terrain profile. The PROFREF SU is referenced once more
to adjust the profile relative to the local ground height, and upon exit from the PROFREF
SU, the INTPROF SU is referenced to interpolate vertically on the refractivity profile at
each PE mesh height point.

3.1.2.15 Ray Optics Calculation (ROCALC SU)

The purpose of the ROCALC SU is to compute the RO components needed in the
calculation of propagation loss at a specified range and height within the RO region.
These components are the amplitudes for a direct-path and surface-reflected ray, and the
total phase lag angle between the direct-path and surface-reflected rays.

A test is made to determine if this is the first RO calculation. If an initial
calculation is needed, the height, range, and elevation angle array indices are set to initial
conditions. If not, the array indices are incremented from the previous RO calculation.

The following steps are performed for each series of vertical grid points, in a
manner that ensures that RO calculations have been performed at ranges that span the
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current range of interest. The vertical grid points are taken in order beginning with the
one with greatest height.

1. Using a Newton iteration method with a varying elevation angle, the RAYTRACE SU
is referenced to find a direct-path ray and a surface-reflected ray originating at the
transmitter height and terminating at the same grid point. Should a direct or reflected
ray not be found to satisfy the condition, or should the computed grazing angle exceed
the grazing angle limit, the height array index is adjusted to redefine the lower
boundary of the RO region. Should the ray trace conditions be satisfied, the
RAYTRACE SU will provide a terminal elevation angle, a derivative of range with
respect to elevation angle, a path length, and for the surface-reflected ray, a grazing
angle.

2. Using the final direct-path ray and surface-reflected ray elevation angles obtained
from the Newton iteration method, the ANTPAT SU is referenced to obtain an
antenna pattern factor for each angle. The GETREFCOEF SU is referenced to obtain
the amplitude and phase lag angle of the surface reflection coefficient.

3. Using the antenna pattern factors, path length differences, and surface-reflection
coefficients, the necessary RO components defined in the first paragraph above are
calculated.

3.1.2.16 Ray Optics Loss (ROLOSS) SU
The purpose of the ROLOSS SU is to calculate propagation factor and loss values
at all valid RO heights at a specified range based upon the components of magnitude for a

direct-path and surface-reflected ray and the total phase lag angle between the two rays as
determined by the ROCALC SU.

For purposes of computational efficiency, an interpolation from the magnitude
and total phase lag arrays, established by the ROCALC SU, is made to obtain these three
quantities at each APM vertical output mesh point within the RO region.

From the interpolated phase lag and ray amplitudes, a propagation factor is
calculated which is used, in turn, with the free-space loss to obtain a propagation loss at
each vertical APM output point. Absorption loss is computed for the current range and
added to the propagation loss at all heights.

3.1.2.17 Save Profile (SAVEPRO) SU

The purpose of the SAVEPRO SU is to store refractivity profiles at each PE range
step from the top of the PE region to the maximum user-specified height. This is only
done if running in full or partial hybrid modes.
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The refractivity height level just exceeding the PE region height limit is
determined. From this level upward, all heights, M-units, and gradients are stored.

3.1.2.18 Spectral Estimation (SPECEST) SU

The purpose of the SPECEST SU is to determine the outward propagation angle at
the top of the PE calculation region or the grazing angle at the lower part of the PE region
based on spectral estimation. The outward propagation angle is used for XO calculations
and the grazing angle is used for rough surface calculations.

The upper 8 (if running smooth surface case) or 16 (if running terrain case) bins of
the complex PE field at the current PE range are separated into their real and imaginary
components. The upper Y4 of this portion of the field is then filtered and zero-padded to
256 points. It is then transformed to its spectral components via a reference to the DRST
SU. The amplitudes of the spectral field are then determined and a 3-point average is
performed. The peak of the 256-point field is found and the outgoing propagation angle
is determined from the peak value.

3.1.2.19 Troposcatter (TROPOSCAT) SU

The purpose of the TROPOSCAT SU is to determine the loss due to troposcatter
and to compute the appropriate loss from troposcatter and propagation loss for large
receiver ranges.

The current output range is updated and the tangent angle from the source to the
current output range is initialized. For all output receiver heights at the current output
range, the following procedure is performed.

1. If the current output range is less than the minimum diffraction field range for a
particular receiver height, then the SU is exited and no troposcatter loss is computed.

2. The tangent angle from the receiver height is determined.

3. The common volume scattering angle is determined and calculations are performed to
obtain the loss due to troposcatter.

4. Troposcatter loss is compared to propagation loss. If the difference between the
propagation loss and troposcatter loss is less than 18 dB, then the corresponding
power levels of the two loss values are added. If the difference is greater than 18 dB,
then the lesser of the two losses is used.

3.1.3 Extended Optics Initialization (XOINIT) CSC
The purpose of the XOINIT SU is to initialize the range, height, and angle arrays
in preparation for the XOSTEP CSC.
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Upon entering, if XO calculations are not required, the APMCLEAN SU is
referenced to deallocate all arrays used for the current application, then the CSC is exited.

If XO calculations are required, all arrays used for XO calculations are allocated
and initialized to 0. The ranges and angles previously stored from referencing the FZLIM
SU are now used to initialize the range and angle arrays for XO calculations. A 10-point
smoothing average on the angle array is performed twice via reference to the MEANFILT
SU. Upon exiting, the height array and initial height index for start of XO calculations
are initialized.

3.1.3.1 Advanced Propagation Model Clean (APMCLEAN) SU
The purpose of the APMCLEAN CSC is to deallocate all dynamically
dimensioned arrays used in one complete run of APM calculations.

3.1.3.2 Mean Filter (MEANFILT) SU
The purpose of the MEANFILT SU is to perform an n-point average smoothing
on any array passed to it.

3.1.4 Extended Optics Step (XOSTEP) CSC

The purpose of the XOSTEP CSC is to advance the APM CSCI algorithm one
output range step from the top of the PE calculation region to the maximum output height
specified, referencing various SUs to calculate the propagation loss and factor at the
current output range.

Upon entering the XOSTEP CSC, the current output range is determined. The
EXTO SU is referenced to obtain the XO portion of the propagation loss and factor at this
new range.

If running in full hybrid mode, based upon a height array index used within the FE
region, determine if it’s necessary to include FE propagation calculations. If necessary,
the FEM SU is referenced to obtain the FE portion of the propagation loss and factor. If a
FE calculation is made, the maximum height index for the RO region is adjusted (with the
minimum height index corresponding to the maximum height index of the PE region),
and the ROLOSS SU is referenced to obtain the RO portion of the propagation loss and
factor at the current range.

If running in partial hybrid mode, then only the EXTO SU is referenced to obtain
the XO portion of the propagation loss and factor at this new range. The maximum
height will correspond to the maximum user-specified coverage height.

Finally, the APMCLEAN SU is referenced to deallocate all allocated arrays used
throughout the run.
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3.1.4.1 Extended Optics (EXTO) SU
The purpose of the EXTO SU is to calculate propagation loss and factor, based on
extended optics techniques, at the current output range.

Upon entering, array indices for the current range, height, and angle arrays are
initialized. A ray trace is then performed for all rays from the last output range to the
current output range. The current heights are then sorted, along with their corresponding
propagation factors. The propagation loss is then determined at each output receiver
height by interpolation on the terminal heights of the traced rays.

Upon exiting, a reference to the TROPOSCAT SU provides any troposcatter
losses and is added to the loss array. Absorption loss is also added to the propagation loss
at all heights.

3.2 CSCI EXTERNAL INTERFACE REQUIREMENTS

The APM CSCI is accessed, through the APMINIT CSC, by a subroutine call
from the NITES CSCI which should provide, as global data elements, the values specified
in Table 1 through Table 4.

The APM CSCI external data elements, i.e., those data which must be provided by
the calling NITES CSCI prior to the APM CSCI execution may be divided into four
classifications. The first is external data related to the atmospheric environment,
specified within Table 1; the second is data related to the EM system, specified within
Table 2; the third is data related to the implementation of the APM CSCI by the NITES
CSCI, specified within Table 3; and the fourth is data related to the terrain information,
specified within Table 4. Each table lists the type, units, and bounds of each data
element. Table 5 specifies the output data of the APM CSCI model.
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Table 1. APM CSCI environmental data element requirements.

Name Description Type Units Bounds
refmsl Modified refractivity profile (dynamically real M >0.0°
allocated) array referenced to mean sea
level
hmsl Profile height (dynamically allocated) array real meters See note b
Nprof Number of refractivity profiles integer N/A >1
Ivip Number of profile levels integer N/A >2
rngprof | Dynamically allocated array of ranges to real meters >0.0
each profile
absyum Surface absolute humidity real g/m3 0 to 50°
tar Surface air temperature real °C -20 to 40°
% Surface specific attenuation real dB/km =0.0
fextra Extrapolation flag for refractivity profiles integer N/A Oor1
entered in combination with terrain below
mean sea level
Ny Number of wind speeds and corresponding integer N/A >0.0
ranges
rngwind | Dynamically allocated array of ranges real meters >0.0
specified for each wind speed in wind().
wind Dynamically allocated array of wind real meters/ 0.0to 10.0
speeds. second

Couplets of height and modified refractivity associated with that
height are referred to within this document as a refractivity profile.

PAll heights in the refractivity profile must be steadily increasing.

°The CCIR gaseous absorption model implemented within APM
provides a £15% accuracy for absolute humidity and surface air
temperature within these bounds. While values beyond these
limits are allowed within APM, it should be noted this may result
in less accurate attenuation rates calculated.
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Table 2. APM CSCI external EM system data element requirements.

Name

Description

Type

Units

Bounds

Hpw

f MHz

’pat

’pol

antp

hfang

hffac

Nfacs

Antenna vertical beam width
Antenna elevation angle
EM system frequency

Antenna pattern
1 = Omni-directional
2 = Gaussian
3 = Sine (X)/X
4 = Cosecant-squared
5 = Generic height-finder
6 = User-defined height-finder
7 = User-defined antenna pattern

Antenna polarization
0 = Horizontal
1 = Vertical

Antenna height above local ground at
range 0.0 m

Dynamically allocated user-defined
height-finder power reduction angle
array (ips=6) or antenna pattern angles
(ipat=7)

Dynamically allocated user-defined
power reduction factor array (ip,=6) or
antenna patter factors (jpa=7)

Number of power reduction
angles/factors for user-defined height-
finder antenna pattern

real

real

real
integer

integer

real

real

real

integer

degree

degree
MHz
N/A

N/A

meters

degree

N/A

N/A

5to 45
-10.0 to 10.0
100.0 to 20,000.0
1to7

Oto1
>1.5°
0.0 to 90.0 for ip,=6
-90.0 to 90.0 for jpe=7

0.0to 1.0

1t0 10

*The minimum antenna height will vary depending on the frequency

and beamwidth according to the formula:

anty: = maximum 0f(1.5,.6—°

Cc

f, mhz Mpw

)

where ¢, is the speed of light x 10° m/s (299.79245).
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Table 3. APM CSCI external implementation data element requirements.

Name Description Type Units Bounds
Nimax Maximum height output for a particular real meters > 100_0a
application of APM
Rmin Minimum height output for a particular real meters > 0.0a
application of APM
lerr6 Logical flag to allow for error -6 to be logical N/A ‘true.’ or
bypassed ‘false.”
lerr12 | Logical flag to allow for error -12 to be logical N/A ‘true.’ or
bypassed ‘false.”
Nyout Number of range output points for a integer N/A =1
particular application of APM
Nyout Number of height output points for a integer N/A =1
particular application of APM
PEfag Logical flag to enable only the PE model logical N/A ‘true.’ or
for a particular application of APM ‘false.”
F'max Maximum range output for a particular real meters > 5000.0b
application of APM
[ PE-range step multiplier real N/A >0.0°
thpmax Visible portion of PE maximum calculation real degrees > 0_0°
angle
Tropo Logical flag to include troposcatter integer N/A “true.’ or
calculations. ‘false.’

:refer to section 3.5.2 for a complete description.
refer to section 3.5.1 for a complete description.
c

refer to section 3.4 for a complete description.
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Table 4. APM CSCI external terrain data element requirements.

Name

Description

Type

Units

Bounds

terx

tery

rgrnd

dielec

Dynamically allocated terrain profile
range array

Dynamically allocated terrain profile
height array

Number of terrain profile points for a
particular application of APM

Number of ground types for a particular
application of APM

Array of ground composition types for a
particular application of APM

0 = Sea water

1 = Fresh water

2 = Wet ground

3 = Medium dry ground

4 = Very dry ground

5=lIceat-1°C

6=Iceat-10°C

7 = User defined
Dynamically allocated array of ranges

for which ground types are applied for a
particular application of APM

Dynamically allocated 2-dimensional
array of relative permittivity (g,) and
conductivity (o) for a particular
application of APM

real

real
integer
integer

integer

real

real

meters

meters

N/A

N/A

N/A

meters

g - N/A
o-Siemens/
meter

>0.0@
>0.0@

>2
>0.02

O0<igmd<7a

>0.02

>0a

®refer to section 3.5.2 for a complete description
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Table 5. APM CSCI output data element requirements.

Name Description Type Units Source
ierror Integer value that is returned if an integer N/A APMINIT CSC
error occurs in called routine XOINIT CSC
Ixostp Index of output range step at which integer N/A APMINIT CSC
XO model is to be applied
Jend Output height index at which valid integer N/A APMSTEP CSC
propagation loss values end
Jstart Output height index at which valid integer N/A APMSTEP CSC
propagation loss values begin
Jxend Output height index at which valid integer N/A XOSTEP CSC
XO propagation loss values end
Jxstart Output height index at which valid integer N/A XOINIT CSC
XO propagation loss values begin
mpfl Propagation loss and factor array integer cB APMSTEP CSC
XOSTEP CSC
Cout Current output range real meters APMSTEP CSC
XOSTEP CSC

3.3 CSCI INTERNAL INTERFACE REQUIREMENTS

Section 3.1 shows the relationship between the APM CSCI and its four CSCs:
APMINIT, APMSTEP, XOINIT, and XOSTEP. The required internal interface between
these four CSCs and the APM CSClI is left to the designer. However, Table 7 should be
used as a guide to the required internal interfaces in the CSCI.

3.4 CSCI INTERNAL DATA REQUIREMENTS

The APM CSCI takes full advantage of Fortran 90 features, utilizing allocatable
arrays for all internal and input arrays. This requires the NITES CSCI designer to
correctly allocate and initialize all arrays necessary for input to the APM CSCI.

Due to the computational intensity of the APM CSCI, it may not be necessary or
desirable to use the extreme capability of the APM CSCI for all applications. The
variables n,,,; and n,,,, refer to the desired number of range and height output points for
any one particular application, and will be specified when the APMINIT CSC is called.

One of the parameters returned to the NITES application from the APMINIT CSC
1S igore  This is to allow for greater flexibility in how input data is handled within the
NITES application.

Table 6 lists all possible errors that can be returned.
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Table 6. APMINIT SU returned error definitions.

Definition

-10
-11

-12

-13

Last range in terrain profile is less than r,,.,. Will only return this error if lerr6 set to
‘true.’.

Specified cut-back angles (for user-defined height-finder antenna pattern) are not
increasing.

hmay is less than maximum height of terrain profile.
Antenna height with respect to mean sea level is greater than maximum height

hmax-
Beamwidth is less than or equal to zero for directional antenna pattern.

Number of antenna pattern or power reduction factors and angles is less than or
equal to 1. For ips = 6, Npes must be at least 1; for ips = 7, Nees Must be at least 2.

Range of last environment profile given (for range-dependent case) is less than
Imax- Will only return this error if lerr12 set to ‘“.true.’.

Height of first level in any user-specified refractivity profile is greater than 0. First
height must be at mean sea level (0.0) or < 0.0 if below mean sea level.

Last gradient in any environment profile is negative.

Range points of terrain profile are not increasing.

First range value in terrain profile is not 0.

Elevation angle specified is greater than 10° or less than -10°.

Specified only the PE model to be used but did not specify maximum propagation
angle thax.

Transmitter height is less than 1.5 meters.
Minimum height input by user, h.,,, is greater than maximum height, h,a,-
Transform size is greater than 2%,

Combination of frequency and antenna beamwidth results in antenna physically
below the surface. Increase frequency or beamwidth for valid combination.

Wind speed specified is greater and 10 m/s.

The logical variables lerr6 and lerrl2, when set to ‘.false.’, allow the NITES
application to bypass their associated errors as these are not critical to the operation of the

APM CSCIL.

The APM CSCI provides propagation loss and propagation factor for all heights
and ranges when running in a full hybrid mode. When running in a partial hybrid mode,
it provides propagation loss and factor for all heights, but not necessarily for all angles.
Refer to Section 3.1 for environmental conditions under which each execution mode is
automatically selected.

Absorption by atmospheric gases (oxygen and water vapor) may be important to
some applications of the APM CSCI and is controlled by specifying a non-zero value for
the absolute humidity, absy,., and the surface air temperature, #,,; or likewise, specifying
a non-zero value for the gaseous absorption attenuation rate, .
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A particular application of the APM CSCI may or may not require the
consideration of troposcatter effects within the propagation loss/factor calculations. For
example, a radar evaluation most likely would not be influenced by troposcatter; while an
ESM evaluation would. APM has the feature of including or not including the
troposcatter calculation by setting a logical flag called 7,,,,. Setting this flag to ‘.false.’
would omit the calculation. Setting this flag to ‘.true.” would include the calculation. For
the APM CSCI implementation within the NITES coverage and loss diagram
applications, 7}, must be set to ‘.true.” so as to include the calculation.

APM also has the added capability to account for rough sea surface effects.
Specifying a wind speed and a corresponding range will produce forward scatter results
based on the Philips ocean-wave model for the rms wave height and the Miller-Brown
reflection coefficient reduction factor. The capability also exists to allow variable wind
speeds with range (Ref. 19).

APM by default will run in an “automatic” mode which, depending upon user-
specified inputs, will choose the appropriate sub-models to use for a particular
application. However, by setting the logical flag PEj,, to ‘.true.” this will force APM to
use only the PE sub-model for a particular NITES application. By default, this flag is set
to “.false.”. If this flag is ‘.true.” then the visible portion of the maximum PE propagation
angle, thyy, (i.e., the maximum propagation angle the PE algorithm will accommodate in
the field calculations) and the parameter, 7,,,;,, must be specified. By default, 7., is equal
to 1; however th,,, does not have a default value and must be explicitly defined. The
parameter 7,,,; is a range step multiplier, allowing the user to vary the PE range step from
the default calculated.

Use this option with caution as you must have some basic knowledge of PE
algorithms and how they work to input proper combinations of maximum calculation
angles and range steps for a given frequency. When using this option, most error
checking is bypassed and parameter limits can be over-ridden. Erroneous field values
may result if a poorly chosen combination of thy., and vy, are used.

3.5 ADAPTATION REQUIREMENTS

3.5.1 Environmental Radio Refractivity Field Data Elements

The radio-refractivity field, i.e., the profiles of M-units versus height, must consist
of vertical piece-wise linear profiles specified by couplets of height in meters with respect
to mean sea level and modified refractivity (M-units) at multiple arbitrary ranges. All
vertical profiles must contain the same number of vertical data points, and be specified
such that each numbered data point corresponds to like-numbered points (i.e., features) in
the other profiles. The first numbered data point of each profile must correspond to a
height of zero mean sea level and the last numbered data point must correspond to a
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height such that the modified refractivity for all greater heights is well represented by
extrapolation using the two highest profile points specified.

With the inclusion of terrain and allowing the terrain profile to fall below mean
sea level, refractivity profiles can also be provided in which the first level is less than 0
(or below mean sea level). For a terrain profile that falls below mean sea level at some
point, the assumption is that the minimum height may be less than the first height in any
refractivity profile specified. Therefore, an extrapolation flag, i...,, must be specified to
indicate how the APM CSCI should extrapolate from the first refractivity level to the
minimum height along the terrain profile. Setting 7., to 0 will cause the APM CSCI to
extrapolate to the minimum height using a standard atmosphere gradient; setting i.,, to 1
will cause the APM CSCI to extrapolate to the minimum height using the gradient
determined from the first two levels of the refractivity profile.

Within each profile, each numbered data point must correspond to a height greater
than or equal to the height of the previous data point. Note that this requirement allows
for a profile containing redundant data points. Note also that all significant features of the
refractivity profiles must be specified, even if they are above the maximum output height
specified for a particular application of APM.

The NITES CSCI application designer and the NITES operator share
responsibility for determining appropriate environmental inputs. For example, a loss
diagram may be used to consider a surface-to-surface radar detection problem. Since the
operator is interested in surface-to-surface, he may truncate the profile assuming that
effects from elevated ducting conditions are negligible. It may be, however, that the
elevated duct does indeed produce a significant effect. The operator should ensure
therefore, that the maximum height of the profile allows for the inclusion of all significant
refractive features.

This specification allows a complicated refractivity field to be described with a
minimum of data points. For example, a field in which a single trapping layer linearly
descends with increasing range can be described with just two profiles containing only
four data points each, frame (a) of Figure 7. In the same manner, other evolutions of
refractive layers may be described. Frames (b) and (c) of Figure 7 show two possible
scenarios for the development of a trapping layer. The scenario of choice is the one
which is consistent with the true thermodynamical and hydrological layering of the
atmosphere.
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PROFILE 1 PROFILE 2

PROFILE 1 o) PROFILE 2 PRO#\LE 1 PROFILE 2

Figure 7. Idealized M-unit profiles (solid) and lines of interpolation (dashed).

Two external implementation data variables applicable to both the NITES
operator and to the calling application designer are 7,4y, the maximum APM CSCI output
range, and /., the maximum APM CSCI output height. These two parameters are
required by the APM CSCI to determine the horizontal and vertical resolution,
respectively, for internal range and height calculations based on the current values of 7,4,
and 7., Any value of r,, and A, is allowed for the convenience of the NITES
operator and the calling application designer, provided 7, = 5 km, and 4, = 100 m.
For example, the NITES operator may desire a coverage diagram which extends to a
range of 500 kilometers (km). In addition to accommodating the desires of the operator,
specification of such a convenient maximum range eases the burden for the application
designer in determining incremental tick marks for the horizontal axis of the display.
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Provided the value of the parameter lerri2 is set to ‘.false.’, if the furthest
environment profile range is less than r,,, the APM CSCI will automatically create an
environment profile at 7,4 equal to the last profile specified, making the environment
homogeneous from the range of the last profile specified to 7, For example, a profile is
input with an accompanying range of 450 km. If the NITES operator chooses an 7,4, of
500 km, the APM CSCI will continue propagation loss/factor calculations to 500 km,
keeping the refractivity environment homogeneous from 450 km to 500 km.

If lerri2 is set to “.true.” and the furthest environment profile range is less than
T'max, then an error will be returned in i, from the APMINIT CSC. This is to allow the
NITES CSCI application designer greater flexibility in how environment data is handled.

3.5.2 Terrain Profile Data Element

The terrain profile must consist of linear piece-wise segments specified in terms
of range/height pairs. All range values must be increasing, and the first terrain height
value must be at range zero. General ground composition types can be specified (Table
4), along with corresponding ranges over which the ground type is to be applied. If
ground type “User Defined” is specified (igrnd; = 7), then numeric values of relative
permittivity and conductivity must be given. If horizontal antenna polarization is
specified, and if running a smooth surface case, the APM CSCI will assume perfect
conductivity for the entire terrain profile and will ignore any information regarding
ground composition. If vertical antenna polarization is specified, or if performing rough
surface calculations, then information regarding ground composition must also be
specified. If wind speed has been provided, then rough surface calculations will also be
performed.

The maximum height, 4,,,,, must always be greater than the minimum height, 4,
by at least 100 meters. Also, a value of 4,,,, must be given such that it is larger than the
maximum elevation height along a specified terrain profile.

Provided lerr6 is set to “.false.’, if the furthest range point in the terrain profile is
less than 7,,,, the APM CSCI will automatically create a height/range pair as part of the
terrain profile at 7, with elevation height equal to the last height specified in the profile,
making the terrain profile flat from the range of the last profile point specified to 7qy.
For example, a terrain profile is input where the last height/range pair is 50 meters in
height with an accompanying range of 95 km. If the NITES operator chooses an 7,4, of
100 km, the APM CSCI will continue propagation loss/factor calculations to 100 km,
keeping the terrain profile flat from 95 km to 100 km with an elevation height of 50 m.

If lerr6 is set to ‘.true.” and the furthest range point is less than r,,,, then an error
is returned in ., from the APMINIT SU. This is to allow the NITES CSCI application
designer greater flexibility in how terrain data is handled.
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3.6 SECURITY AND PRIVACY REQUIREMENTS

The security and privacy requirements are the same as those required by the target
employing NITES CSCL

3.7 CSCI ENVIRONMENTAL REQUIREMENTS

The APM CSCI must be able to operate in the same hardware and software
environments that the target employing NITES CSCI operates.

3.8 COMPUTER RESOURCE REQUIREMENTS

Section 3.1.2.4 describes requirements for a Discrete Sine/Cosine Fast-Fourier
Transform (DRST) SU. However, other sine FFT routines are available in the
commercial market, and such a sine FFT may already be available within another NITES
CSCIL.  The selection of which FFT is ultimately used by APM CSCI is left to the
application designer as every sine FFT will have hardware and/or software performance
impacts.

3.9 SOFTWARE QUALITY FACTORS

The primary required quality factors can be divided into the three categories -
design, performance, and adaptation.

The quality factors for the design category should include correctness,
maintainability, and verifiability. Correctness describes the extent to which the APM
CSCI conforms to its requirements and is to be determined from the criteria —
completeness, consistency, and/or traceability. Maintainability specifies the effort
required to locate and fix an error in the APM CSCI. Maintainability is to be determined
from the criteria — consistency, modularity, self-descriptiveness (self-documentation),
and/or simplicity. Verifiability characterizes the effort required to test the APM CSCI to
ensure that it performs its intended function. Verifiability is to be determined from the
criteria — modularity, self-descriptiveness, and/or simplicity.

The quality factor for performance category is reliability, which depicts the
confidence that can be placed in the APM CSCI calculations. Reliability is to be
determined from the criteria — accuracy, anomaly management, auditability, consistency,
and/or simplicity.

The quality factors for the adaptation category are portability and reusability.
Portability determines how easy it is to transport the APM CSCI from one hardware
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and/or software environment to another. Portability is to be determined from the criteria
— application independence, modularity, and/or self-descriptiveness.  Reusability
illustrates how easy it is to convert the APM CSCI (or parts of the CSCI) for use in
another application. Reusability is to be determined from the criteria — application
independence, document accessibility, functional scope, generality, hardware
independence, modularity, simplicity, self-descriptiveness, and/or system clarity.

Section A.A.1 defines the software quality criteria.

Only the software quality criteria completeness, consistency, and traceability can
be analyzed. Their calculation is described in Section A.2. The other criteria have to be
determined by either demonstration, test, or inspection.

3.10 DESIGN AND IMPLEMENTATION CONSTRAINTS

3.10.1 Implementation and Application Considerations

The calling NITES CSCI application will determine the employment of the APM
CSCI. However, the intensive computational nature of the APM CSCI must be taken into
consideration when designing an efficient calling application. For this reason, the APM
CSCI should be designed with flexibility for various hardware suites and computer
resource management considerations. As stated in Section 1, this APM CSCI applies
only to a coverage and loss diagram application. The following highly recommended
guidelines are provided to aid in the design of a coverage or loss diagram application
which will most efficiently employ the APM CSCL

The APM CSCI propagation loss calculations are independent of any target or
receiver considerations; therefore, for any EM emitter, one execution of the APM CSCI
may be used to create both a coverage diagram and a loss diagram. Since both execution
time and computer memory allocation should be a consideration when employing this
model, it is most efficient and appropriate to execute the APM CSCI for a particular EM
system/environmental/terrain combination before executing any application. The output
of the APM CSCI would be stored in a file which would be accessed by multiple
applications.

For example, the NITES operator may desire a coverage diagram for one
particular radar system. At the beginning of the coverage diagram application, a check
would be made for the existence of a previously created APM CSCI output file
appropriate for the EM system, environmental, and terrain conditions. If such a file
exists, the propagation loss values would be read from the file and used to create the
coverage diagram. If the file does not exist, the APM CSCI would be executed to create
one. As the APM CSCI is executing, its output could be routed simultaneously to a
graphics display device and a file. This file could then be used in the loss diagram
application should the operator also choose it. Two distinct applications, therefore, are
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achieved with only one execution of the APM CSCI. Additionally, should the operator
desire an individual coverage diagram for each of multiple targets, or a single coverage
diagram illustrating radar detection of a low-flying missile superimposed upon a coverage
diagram illustrating his own radar’s vulnerability as defined by the missile’s ESM
receiver, only a single execution of the APM CSCI would be required, thereby saving
valuable computer resources.

3.10.2 Programming Language and Source Implementation

3.10.2.1 Programming Language

The ANSI Fortran 90 program language standard must be used in the development
of the APM CSCI (Ref. 10). This standard consists of the specifications of the language
Fortran. With certain limitations the syntax and semantics of the old International
Standard commonly known as “FORTRAN 77 are contained entirely within this new
International Standard. Therefore, any standard-conforming FORTRAN 77 program is
standard conforming under the Fortran 90 Standard. Note that the name of this language,
Fortran, differs from that in FORTRAN 77 in that only the first letter is capitalized. The
Overview section of the International Standard describes the major additions to
FORTRAN 77 in this International Standard. Section 1.3 of the International Standard
specifies the bounds of the Fortran language by identifying both those items included and
those items excluded. Section 1.4.1 describes the FORTRAN 77 compatibility of the
International Standard with emphasis on four FORTRAN 77 features having different
interpolations in the new International Standard. The International Standard provides
facilities that encourage the design and the use of modular and reusable software.

Section 8.2 of the International Standard describes nine obsolescent features of
FORTRAN 77 that are redundant and for which better methods are available in
FORTRAN 77 itself. These nine obsolescent features should not be used. These
obsolescent features are:

1. Arithmetic IF - use the IF statement.

2. Real and double precision DO control variables and DO loop control expressions —
use integer.

3. Shared DO termination and termination on a statement other than END DO or
CONTINUE — use an END DO or a CONTINUE statement for each DO statement.

4. Branching to an END IF statement from outside its IF block — branch to the statement
following the END IF.

5. Alternate return.
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6. PAUSE statement.

7. ASSIGN and assigned GO TO statements.
8. Assigned FORMAT specifiers.

9. cH (nH) edit descriptor.

Remedies for the last five obsolescent features are described in section 8.2 of the
International standard.

3.10.2.2 Source Implementation

Ref. 14 by the Naval Oceanographic Office establishes a uniform standard for all
software submitted by all contributors to them. It is recommended that the coding
requirements set forth in Section 4 of that document be followed. Among these
recommendations are:

1. Special non-ANSI features shall be avoided. Non-ANSI practices that are necessary
must be documented in the code itself.

2. Maximum use should be made of existing commercially available FORTRAN
callable libraries.

3. Programs shall be designed and coded using only five basic control structures —
sequence of operations (assignment, add, ...), IF THEN ELSE, DO WHILE, DO
UNTIL, and CASE.

4. Procedures or routines that make up a module shall not exceed an average of 100
executable statements per procedure or routine and shall not exceed a maximum of
200 executable statements in any procedure or routine.

5. Branching statements (GO TOs) shall only pass control to a statement that is in the
same procedure or routine. Each GO TO must pass control only forward of its point
of occurrence.

6. Naming conventions shall be uniform throughout the software.  Program,
subprogram, module, procedure, and data names shall be uniquely chosen to identify
the applicable function performed. The naming convention for COMMON shall be
consistent across the entire program.

7. Constants shall be defined not calculated (e.g., do not use HALF = %, use HALF =
0.5)
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8. Mixed-mode numerical operations should be avoided whenever possible. When
determined to be necessary, the use shall be explicit (FLOAT, FIX, or in assignment
statement) and completely described in comments.

9. Each component of the software shall have a prologue containing the name of the
program, subprogram, or function and any version number; purpose; inputs;
outputs; list of routines that call this routine; complete list of routines called
including intrinsic functions such as ABS and FLOAT; glossary; and method.

10. To facilitate program comprehension, comment statements shall be used throughout
the program code.

11. The use of the EQUIVALENCE statement shall be restricted to those where it either
improves the readability of the code or the efficiency of the program. If the
EQUIVALENCE statement is used, it must be fully documented in the prologue and
inline comment statements.

12. No machine-dependent techniques are allowed, unless there is no other way of
performing the task.

13. Initialize every variable before use.

14. Do not depend on the values of “local” variables computed on a previous call to a
routine.

15. Program structural indentation shall be used to improve readability and clarity.

3.11 PERSONNEL-RELATED REQUIREMENTS

Not applicable.

3.12 TRAINING-RELATED REQUIREMENTS

The employing target software personnel implementing this CSCI into the NITES
CSCI will require training to become familiar with APM. This requirement should be
met by this document and the companion Software Design Description (SDD) and
Software Test Description (STD) documents.

3.13 OTHER REQUIREMENTS

None.
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3.14 PRECEDENCE AND CRITICALITY OF REQUIREMENTS

The requirements presented in Sections 3.1 through 3.5 and Sections 3.8 through
3.10 have precedence over Sections 3.6, 3.7, 3.11, 3.12, and 3.13 and should be given
equal weight.

4. QUALIFICATION PROVISIONS

N/A

5. REQUIREMENTS TRACEABILITY

5.1 SYSTEM TRACEABILITY

This section provides traceability of requirements between the APM CSCI and the NITES
CSCL

1. The APM CSCI environmental data requirements should be obtained from the
Tactical Environmental Data System database (TEDS) within the NITES CSCI. The
APM CSCI terrain data element requirements should be obtained from the Digital
Terrain Elevation Database (DTED) within the NITES CSCIL The
radar/communication system data element requirements should be obtained from the
EM system database within the NITES CSCL

2. The NITES CSCI requirement of propagation loss vs. range and height should be
obtained from the APM CSCIL

5.2 DOCUMENTATION TRACEABILITY

This section provides the following types of traceability between the Software
Requirements Specification (SRS), the Software Design Description (SDD), and the
Software Test Description (STD):

1. Traceability between levels of requirements;
2. Traceability between the software requirements and software design;

3. Traceability between the software requirements and qualification test information
obtained from the software testing.
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This traceability of the Advanced Propagation Model is presented in two tables.
The first table, Table 7 given here, presents the traceability between levels of SRS
requirements. The second table (Table 6 in the Software Design Document) presents the
traceability between the software requirements and software design.
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Table 7. Requirements traceability matrix for the SRS.

Software Requirements Specification

Software Requirements Specification

SRS SRS
. Paragraph . Paragraph

SRS Requirement Name Number SRS Requirement Name Number

CSCI Capability Requirements 3.1 Advance Propagation Initialization 3.1.1
(APMINIT) CSC
Advance Propagation 3.1.1 Allocate Arrays APM 3.1.1.1
Initialization (APMINIT) CSC (ALLARRAY_APM) SU
Advance Propagation 3.1.1 Allocate Array RO 3.1.1.3
Initialization (APMINIT) CSC (ALLARRAY_RO) SU
Advance Propagation 3.1.1 Allocate Array XORUF (XORUF) 3.1.14
Initialization (APMINIT) CSC SuU
Advance Propagation 3.1.1 Alpha Impedance Initialization 3.1.15
Initialization (APMINIT) CSC (ALN_INIT) SU
Alpha Impedance Initialization 3.1.15 Get Alpha Impedance (GETALN) 3.1.1.12
(ALN_INIT) SU SU
Get Alpha Impedance 3.1.1.12 Get Reflection Coefficient 3.1.2.10
(GETALN) SU (GETREFCOEF) SU
Advance Propagation 3.1.1 Dielectric Initialization (DIEINIT) SU 3.1.1.7
Initialization (APMINIT) CSC
Advance Propagation 3.1.1 FFT Parameters (FFTPAR) SU 3.1.1.8
Initialization (APMINIT) CSC
Advance Propagation 3.1.1 Fill Height Arrays (FILLHT) SU 3.1.1.9
Initialization (APMINIT) CSC
Fill Height Arrays (FILLHT) SU 3.1.1.9 Ray Trace to Output Range 3.1.1.23
(TRACE_ROUT) SU

Advance Propagation 3.1.1 Gaseous Absorption (GASABS) SU 3.1.1.10
Initialization (APMINIT) CSC
Advance Propagation 3.1.1 Get Effective Earth Radius Factor 3.1.1.11
Initialization (APMINIT) CSC (GET_K) SU
Advance Propagation 3.1.1 Get Grazing Angle (GETGRAZE) 3.1.1.13
Initialization (APMINIT) CSC SuU
Get Grazing Angle 3.1.1.13 DOSHIFT SU 3.1.2.3
(GETGRAZE) SU
Get Grazing Angle 3.1.1.13 Free-Space Range Step (FRSTP) 3.1.2.7
(GETGRAZE) SU SU
Free-Space Range Step 3.1.2.7 Fast-Fourier Transform (FFT) SU 3.1.2.6

(FRSTP) SU
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Table 7. Requirements traceability matrix for the SRS. (Continued)

Software Requirements Specification

Software Requirements Specification

SRS SRS
) Paragraph : Paragraph
SRS Requirement Name Number SRS Requirement Name Number
Fast-Fourier Transform (FFT) 3.1.2.6 Discrete Sine/Cosine Transform 3.1.2.4
SU (DRST) SU
Get Grazing Angle (GETGRAZE) 3.1.1.13 RD Trace (RDTRACE) SU 3.1.1.19
SU
Get Grazing Angle (GETGRAZE) 3.1.1.13 Refractivity Interpolation 3.1.2.14
SuU (REFINTER) SU
Refractivity Interpolation 3.1.2.14 Interpolate Profile (INTPROF) SU 3.1.1.16
(REFINTER) SU
Refractivity Interpolation 3.1.2.14 Profile Reference (PROFREF) SU 3.1.1.18
(REFINTER) SU
Refractivity Interpolation 3.1.2.14 Remove Duplicate Refractivity Levels 3.1.1.21
(REFINTER) SU (REMDUP) SU
Get Grazing Angle (GETGRAZE) 3.1.1.13 Spectral Estimation (SPECEST) SU 3.1.2.18
SU
Spectral Estimation (SPECEST) 3.1.2.18 Discrete Sine/Cosine Transform 3.1.2.4
SU (DRST) SU
Advance Propagation 3.1.1 Get Maximum Angle (GETTHMAX) 3.1.1.14
Initialization (APMINIT) CSC SuU
Get Maximum Angle 3.1.1.14 FFT Parameters (FFTPAR) SU 3.1.1.8
(GETTHMAX) SU
Get Maximum Angle 3.1.1.14 Ray Trace to Output Range 3.1.1.23
(GETTHMAX) SU (TRACE_ROUT) SU
Advance Propagation 3.1.1 Grazing Angle Interpolation 3.1.1.15
Initialization (APMINIT) CSC (GRAZE_INT) SU
Advance Propagation 3.1.1 PE Initialization (PEINIT) SU 3.1.1.17
Initialization (APMINIT) CSC
PE Initialization (PEINIT) SU 3.1.1.17 Allocate Array PE (ALLARRAY_PE) 3.1.1.2
SU
PE Initialization (PEINIT) SU 3.1.1.17 Interpolate Profile (INTPROF) SU 3.1.1.16
PE Initialization (PEINIT) SU 3.1.1.17 Starter Field Initialization (XYINIT) 3.1.1.25
SuU
Starter Field Initialization 3.1.1.25 Antenna Pattern (ANTPAT) SU 3.1.1.6
(XYINIT) SU
Starter Field Initialization 3.1.1.25 Discrete Sine/Cosine Transform 3.1.24

(XYINIT) SU

(DRST) SU
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Table 7. Requirements traceability matrix for the SRS. (Continued)

Software Requirements Specification

Software Requirements Specification

SRS SRS
) Paragraph ) Paragraph

SRS Requirement Name Number SRS Requirement Name Number
Advance Propagation 3.1.1 Profile Reference (PROFREF) SU 3.1.1.18
Initialization (APMINIT) CSC
Advance Propagation 3.1.1 Refractivity Initialization (REFINIT) 3.1.1.20
Initialization (APMINIT) CSC SU
Refractivity Initialization 3.1.1.20 Profile Reference (PROFREF) SU 3.1.1.18
(REFINIT) SU
Refractivity Initialization 3.1.1.20 Remove Duplicate Refractivity Levels 3.1.1.21
(REFINIT) SU (REMDUP) SU
Advance Propagation 3.1.1 Remove Duplicate Refractivity Levels 3.1.1.21
Initialization (APMINIT) CSC (REMDUP) SU
Advance Propagation 3.1.1 Terrain Initialization (TERINIT) SU 3.1.1.22
Initialization (APMINIT) CSC
Advance Propagation 3.1.1 Troposcatter Initialization 3.1.1.24
Initialization (APMINIT) CSC (TROPOINIT) SU
Troposcatter Initialization 3.1.1.24 Antenna Pattern(ANTPAT) SU 3.1.1.6
(TROPOINIT) SU
Troposcatter Initialization 3.1.1.24 Get Effective Earth Radius Factor 3.1.1.11
(TROPOINIT) SU (GET_K) SU
CSCI Capability Requirements 3.1 Advance Propagation Model Step 3.1.2

(APMSTEP) CSC
Advance Propagation Model 3.1.2 Airborne Hybrid Model(AIRBORNE) 3.1.2.1
Step (APMSTEP) CSC SU
Airborne Hybrid Model 3.1.2.1 Antenna Pattern(ANTPAT) SU 3.1.1.6
(AIRBORNE) SU
Advance Propagation Model 3.1.2 Flat-Earth Model (FEM) SU 3.1.25
Step (APMSTEP) CSC
Flat-Earth Model (FEM) SU 3.1.25 Antenna Pattern (ANTPAT) SU 3.1.1.6
Flat-Earth Model (FEM) SU 3.1.25 Get Reflection Coefficient 3.1.2.10
(GETREFCOEF) SU

Advance Propagation Model 3.1.2 Parabolic Equation Step (PESTEP) 3.1.2.12
Step (APMSTEP) CSC SuU
Parabolic Equation Step 3.1.212 Calculate Propagation Loss 3.1.2.2
(PESTEP) SU (CALCLOS) sU
Calculate Propagation Loss 3.1.2.2 Get Propagation Factor (GETPFAC) 3.1.29

(CALCLOS) SU

SuU
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Table 7. Requirements traceability matrix for the SRS. (Continued)

Software Requirements Specification

Software Requirements Specification

SRS SRS
) Paragraph ) Paragraph
SRS Requirement Name Number SRS Requirement Name Number
Calculate Propagation Loss 3.1.2.2 Troposcatter (TROPOSCAT) SU 3.1.219
(CALCLOS) SU
Troposcatter (TROPOSCAT) SU 3.1.2.19 Antenna Pattern (ANTPAT) SU 3.1.1.6
Parabolic Equation Step (PESTEP) 3.1.212 DOSHIFT SU 3.1.2.3
SuU
Parabolic Equation Step (PESTEP) 3.1.2.12 Free-Space Range Step (FRSTP) 3.1.2.7
SuU SuU
Free-Space Range Step (FRSTP) 3.1.2.7 Fast-Fourier Transform (FFT) SU 3.1.2.6
SuU
Fast-Fourier Transform (FFT) SU 3.1.2.6 Discrete Sine/Cosine Transform 3.1.24
(DRST) SU
Parabolic Equation Step (PESTEP) 3.1.2.12 FZLIM SU 3.1.2.8
SuU
FZLIM SU 3.1.2.8 Get Propagation Factor 3.1.2.9
(GETPFAC) SU
FZLIM SU 3.1.2.8 Save Profile (SAVEPRO) SU 3.1.2.17
FZLIM SU 3.1.2.8 Spectral Estimation (SPECEST) 3.1.2.18
SU
Spectral Estimation (SPECEST) 3.1.2.18 Discrete Sine/Cosine Transform 3.1.24
SU (DRST) SU
Parabolic Equation Step (PESTEP) 3.1.2.12 Get Alpha Impedance (GETALN) 3.1.1.12
SU SU
Get Alpha Impedance (GETALN) 3.1.1.12 Get Reflection Coefficient 3.1.2.10
SU (GETREFCOEF) SU
Parabolic Equation Step (PESTEP) 3.1.2.12 Mixed Fourier Transform 3.1.2.11
SU (MIXEDFT) SU
Mixed Fourier Transform 3.1.2.11 Free-Space Range Step (FRSTP) 3.1.2.7
(MIXEDFT) SU SU
Free-Space Range Step (FRSTP) 3.1.2.7 Fast-Fourier Transform (FFT) SU 3.1.2.6
SU
Fast-Fourier Transform (FFT) SU 3.1.2.6 Discrete Sine/Cosine Transform 3.1.24
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Table 7. Requirements traceability matrix for the SRS. (Continued)

Software Requirements Specification

Software Requirements Specification

SRS SRS
. Paragraph . Paragraph
SRS Requirement Name Number SRS Requirement Name Number
Parabolic Equation Step 3.1.2.12 Refractivity Interpolation 3.1.2.14
(PESTEP) SU (REFINTER) SU
Refractivity Interpolation 3.1.2.14 Interpolate Profile (INTPROF) 3.1.1.16
(REFINTER) SU SU
Refractivity Interpolation 3.1.2.14 Profile Reference (PROFREF) 3.1.1.18
(REFINTER) SU SU
Refractivity Interpolation 3.1.2.14 Remove Duplicate Refractivity 3.1.1.21
(REFINTER) SU Levels (REMDUP) SU
Advance Propagation Model Step 3.1.2 Ray Optics Loss (ROLOSS) SU 3.1.2.16
(APMSTEP) CSC
Ray Optics Loss (ROLOSS) SU 3.1.2.16 Ray Optics Calculation 3.1.2.15
(ROCALC) SU
Ray Optics Calculation (ROCALC) 3.1.2.15 Antenna Pattern (ANTPAT) SU 3.1.1.6
SU
Ray Optics Calculation (ROCALC) 3.1.2.15 Get Reflection Coefficient 3.1.2.10
SuU (GETREFCOEF) SU
Ray Optics Calculation (ROCALC) 3.1.2.15 Ray Trace (RAYTRACE) SU 3.1.2.13
SU
CSCI Capability Requirements 3.1 Extended Optics Initialization 3.1.3
(XOINIT) CSC
Extended Optics Initialization 3.1.3 Advanced Propagation Model 3.1.3.1
(XOINIT) CSC Clean (APMCLEAN) SU
Advanced Propagation Model 3.1.3.1 Discrete Sine/Cosine (DRST) 3.1.24
Clean (APMCLEAN) SU SuU
Extended Optics Initialization 3.1.3 Mean Filter (MEANFILT) SU 3.1.3.2
(XOINIT) CSC
CSCI Capability Requirements 3.1 Extended Optics Step 3.1.4
(XOSTEP) CSC
Extended Optics Step (XOSTEP) 3.1.4 Advanced Propagation Model 3.1.3.1
CSC Clean (APMCLEAN) SU
Advanced Propagation Model 3.1.3.1 Discrete Sine/Cosine 3.1.24
Clean (APMCLEAN) SU Transform (DRST) SU
Extended Optics Step (XOSTEP) 3.1.4 Extended Optics (EXTO) SU 3.1.4.1

CSC
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Table 7. Requirements traceability matrix for the SRS. (Continued)

Software Requirements Specification

Software Requirements Specification

SRS SRS
) Paragraph ) Paragraph
SRS Requirement Name Number SRS Requirement Name Number
Extended Optics (EXTO) SU 3.1.4.1 Troposcatter (TROPOSCAT) SU 3.1.2.19
Troposcatter (TROPOSCAT) SU 3.1.2.19 Antenna Pattern (ANTPAT) SU 3.1.1.6
Extended Optics Step (XOSTEP) 3.1.4 Flat-Earth Model (FEM) SU 3.1.25
CSC
Flat-Earth Model (FEM) SU 3.1.25 Antenna Pattern (ANTPAT) SU 3.1.1.6
Flat-Earth Model (FEM) SU 3.1.25 Get Reflection Coefficient 3.1.2.10
(GETREFCOEF) SU
Extended Optics Step (XOSTEP) 3.1.4 Ray Optics Loss (ROLOSS) SU 3.1.2.16
CsC
Ray Optics Loss (ROLOSS) SU 3.1.2.16 Ray Optics Calculation (ROCALC) 3.1.2.15
SuU
Ray Optics Calculation (ROCALC) 3.1.2.15 Antenna Pattern (ANTPAT) SU 3.1.1.6
SuU
Ray Optics Calculation (ROCALC) 3.1.2.15 Get Reflection Coefficient 3.1.2.10
SuU (GETREFCOEF) SU
Ray Optics Calculation (ROCALC) 3.1.2.15 Ray Trace (RAYTRACE) SU 3.1.2.13
SuU
CSCI Capability Requirements 3.1 CSCI External Interface 3.2
Requirements
CSCI Capability Requirements 3.1 CSClI Internal Interface 3.3
Requirements
CSCI Capability Requirements 3.1 CSClI Internal Data Requirements 3.4
CSCI Capability Requirements 3.1 Adaptation Requirements 3.5
CSCI Capability Requirements 3.1 Security and Privacy 3.6
Requirements
CSCI Capability Requirements 3.1 CSCI Environmental 3.7
Requirements
CSCI Capability Requirements 3.1 Computer Resource Requirements 3.8
CSCI Capability Requirements 3.1 Software Quality Factors 3.9
CSCI Capability Requirements 3.1 Design And Implementation 3.10
Constraints
Design And Implementation 3.10 Implementation and Application 3.10.1

Constraints

Considerations




Table 7. Requirements traceability matrix for the SRS. (Continued)

Software Requirements Specification Software Requirements Specification
SRS SRS
) Paragraph ) Paragraph

SRS Requirement Name Number SRS Requirement Name Number
Design And Implementation 3.10 Programming Language And 3.10.2
Constraints Source Code Implementation
Programming Language And 3.10.2 Programming Language 3.10.2.1
Source Code Implementation
Programming Language And 3.10.2 Source Implementation 3.10.2.2
Source Code Implementation
CSCI Capability Requirements 3.1 Personnel-Related Requirements 3.1
CSCI Capability Requirements 3.1 Training-Related Requirements 3.12
CSCI Capability Requirements 3.1 Other Requirements 3.13
CSCI Capability Requirements 3.1 Precedence and Criticality of 3.14

Requirements

6. NOTES

Table 8 is a glossary of acronyms and abbreviations used within this document.
Table 9 is a glossary of Fortran terms used within this document.
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Table 8. Acronyms and abbreviations.

Term Definition
ANS| American National Standards Institute
APM Advanced Propagation Model
cB centibel
CSC Computer Software Component
CSCl Computer Software Configuration ltem
dB decibel
EM Electromagnetic
FFT Fast-Fourier Transform
Fortran Formula Translation
km kilometers
m meters
M modified refractivity units
MHz megahertz
N/A not applicable
PE Parabolic Equation
p-space phase (angle) space
rad radians
SDD Software Design Description
SRS Software Requirements Specification
STD Software Test Description
SuU Software Unit
NITES Naval Integrated Tactical Environmental Subsystem
z-space height space
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Table 9. Fortran terms.

Term Action or Definitions

ABS Absolute value function

Arithmetic IF Transfers control to one of three statement labels, depending on the
value of expression

ASSIGN Assigns the value of a format or statement label to an integer variable

CASE Marks the beginning of a block of statements executed if an item in a
list of expressions matches the test expressions

COMMON Allows two or more program units to directly share variables without
having to pass them as arguments

CONTINUE Does not have any effect

DO Repeatedly executes the statements following the DO
statementthrough the statement which marks the end of the loop

DO WHILE Executes a block of statements repeatedly while a logical condition
remains true

END DO Terminates a DO or DO WHILE loop

END IF Terminates a block of IF statements

EQUIVALENCE Causes two or more variables or arrays to occupy the same memory
location

FIX Data type conversion function

FLOAT Data type conversion function

FORMAT Sets the format in which data is written to or read from a file

GO TO Transfers execution to the statement label assigned to variable

IF If expression is true, statement is executed; if expression is false,
program execution continues with the next executable statement

IF THEN ELSE If expression is true, statements in the IF block are executed;
ifexpression is false, control is transferred to the next ELSE, ELSE IF,
or END IF statement at the same IF level

PAUSE Temporarily suspends program execution and allows you to execute

operating system commands during the suspension
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APPENDIX A

A.1 DEFINITIONS OF QUALITY FACTOR CRITERIA

The criteria for judging the quality factors of Section 3.9 have the following

definitions:

10.

11.

12.

13.

. Accuracy. The precision of computations and control;

. Anomaly management. The degree to which the program detects failure in order to

maintain consistency;

Application independence. The degree to which the program is independent of
nonstandard programming language features, operating system characteristics, and
other environmental constraints;

Auditability. The ease with which conformance to standards can be checked;

Completeness. The degree to which full implementation of required function has
been achieved;

Consistency. The use of uniform design and documentation techniques throughout
the software development project;

Document accessibility. The availability of documents describing the program
components;

Functional scope. The generality of the feature set and capabilities of the program,;
Generality. The breadth of potential application of program components;

Hardware independence. The degree to which the software is decoupled from the
hardware on which it operates;

Modularity. The functional independence of program components;

Self- descriptiveness. The degree to which the source code provides meaningful
documentation;

Simplicity. The degree to which a program can be understood without difficulty;
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14. System clarity. The ease for which the feature set and capabilities of the system can
be determined;

15. Traceability. The ability to trace a design representation or actual program
component back to requirements.

A.2 SOFTWARE QUALITY METRICS

A.2.1 Completeness Criteria
The criteria completeness can be determined from the metric:

1. no ambiguous references (input, function, output);

2. all data references defined;

3. all referenced functions defined;

4. all defined functions used;

5. all conditions and processing defined for each decision point;
6. all defined and referenced calling sequences parameters agree;
7. all problem reports resolved,

8. design agrees with requirements;

9. code agrees with design;

10. (score O for any untrue statement; 1 otherwise); and

11. metric value = SUM (scores)/9.

A.2.2 Consistency Criteria
The criteria consistency can be determined from the metric : number of modules
violating the design standard divided by the number of modules.

A.2.3 Traceability Criteria
The criteria traceability can be determined from the metric: number of itemized
requirements traced divided by the total number of requirements.
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1. SCOPE

1.1 IDENTIFICATION

The Advanced Propagation Model (APM) Version 1.3.1 computer software
configuration item (CSCI) calculates range-dependent electromagnetic (EM) system
propagation loss within a heterogeneous atmospheric medium over variable terrain,
where the radio-frequency index of refraction is allowed to vary both vertically and
horizontally, also accounting for terrain effects along the path of propagation.

1.2 SYSTEM OVERVIEW

The APM CSCI model is designed to calculate propagation loss values as EM
energy propagates through a laterally heterogeneous atmospheric medium where the
index of refraction is allowed to vary both vertically and horizontally, also accounting for
terrain effects along the path of propagation. Numerous Naval Integrated Tactical
Environmental Subsystem (NITES) applications require EM-system propagation loss
values. The APM model described by this document may be applied to two NITES
applications, one which displays propagation loss on a range versus height scale
(commonly referred to as a coverage diagram) and one which displays propagation loss
on a propagation loss versus range/height scale (commonly referred to as a loss diagram).

1.3 DOCUMENT OVERVIEW

This document describes the design of the APM CSCI. An overview of the input
software requirements is presented together with an overview of the CSCI design
architecture and a detailed design description of each component of the CSCI.

2. REFERENCED DOCUMENTS

1. Bergland, G. D., “A Radix-eight Fast Fourier Transform Subroutine for Real-valued
Series,” IEEE Trans. Audio and Electro-acoust., Vol. AU-17, pp. 138-144, 1969.

2. Cooley, J. W., P. A. W. Lewis and P. D. Welsh, “The Fast Fourier Transform
Algorithm: Programming Considerations in the Calculation of Sine, Cosine and
Laplace Transforms,” J. Sound Vib., Vol. 12, pp. 315-337, 1970.

3. Tappert, F. D., “The Parabolic Approximation Method,” Wave Propagation and
Underwater Acoustics, J. B. Keller and J. S. Papadakis, Eds., New York, Springer-
Verlag, pp. 224-285, 1977.
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Approximation/Fourier ~Split-Step Method of Representing Electromagnetic
Propagation in the Troposphere,” Radio Sci., Vol. 26, pp. 381-393, 1991.

Dockery, G. D. and J. R. Kuttler. “An Improved Impedance-Boundary Algorithm for
Fourier Split-Step Solutions of the Parabolic Wave Equation,” IEEE Trans. On
Antennas and Propagat., Vol. 44, No. 12, pp. 1592-1599 December 1996

American National Standards Institute (ANSI), “Program Language Fortran
Extended,” 1992.

Patterson, W.L. and H. V. Hitney. “Radio Physical Optics CSCI Software
Documents,” Naval Command, Control and Ocean Surveillance Center, RDT&E
Division, San Diego, CA, TD 2403, December 1992.

Barrios, A. E., “Terrain and Refractivity Effects on Non-Optical Paths,” AGARD
Conference Proceedings 543, Multiple Mechanism Propagation Paths (MMPPs):
Their Characteristics and Influence on System Design, pp. 10-1 to 10-9, October
1993.

Barrios, A. E., “A Terrain Parabolic Equation Model for Propagation in the
Troposphere,” IEEE Trans. Antennas Propagat., Vol. 42, pp. 90-98, January 1994.
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Manual,” Naval Command, Control and Ocean Surveillance Center, RDT&E
Division, San Diego, CA, NRaD TD 2898, February 1996.
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Computer Software Configuration Item (CSCI) Documents,” Naval Command,
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May 1997.
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3. CSCI-WIDE DESIGN DECISIONS

The required APM CSCI propagation model is a range-dependent true hybrid

model that uses the complementary strengths of both Ray Optics (RO) and Parabolic
Equation (PE) techniques to calculate propagation loss both in range and altitude.

The atmospheric volume is divided into regions which lend themselves to the

application of the various propagation loss calculation methods. Figure 1 illustrates these
regions.



FE region RO region XO region

Height

PE region

Range ———

Figure 1. APM calculation regions.

For antenna elevation angles above 5 degrees or for ranges less than
approximately 2.5 kilometers (km), a flat-earth (FE) ray-optics model is used. In this
region, only receiver height is corrected for average refraction and earth curvature.

Within the RO region (as defined by a limiting ray), propagation loss is calculated
from the mutual interference between the direct-path and surface-reflected ray
components using the refractivity profile at zero range. Full account is given to focusing
or de-focusing along both direct and reflected ray paths and to the integrated optical path
length difference between the two ray paths, to give precise phase difference, and, hence,
accurate coherent sums for the computation of propagation loss.

For the low-altitude region beyond the RO region, a PE approximation to the
Helmbholtz full wave equation is employed. The PE model allows for range-dependent
refractivity profiles and variable terrain along the propagation path and uses a split step
Fourier method for the solution of the PE. The PE model is run in the minimum region
required to contain all terrain and trapping layer heights.

For the area beyond the RO region but above the PE region, an extended optics
region (XO) is defined. Within the XO region, ray-optics methods which are initialized
by the PE solution described below are used.



APM will run in three “execution” modes depending on environmental inputs.
APM will use the FE, RO, XO, and PE models if the terrain profile is flat for the first 2.5
km and if the antenna height is less than or equal to 100 m. It will use only the XO and
PE models if the terrain profile is not flat for the first 2.5 km and if the antenna height is
less than or equal to 100 m. For applications in which the antenna height is greater than
100 meters, a combination of FE and PE methods are used. The FE model is used for all
propagation angles greater than +5° from the source and the PE model is used for angles
less than £5°. By default, APM will automatically choose which mode of operation it
will use for a specified set of inputs. However, the ability to run only the PE model for
any case is allowed by setting a logical flag upon input.

The APM CSCI allows for horizontal and vertical antenna polarization, finite
conductivity based on user-specified ground composition and dielectric parameters, and
the complete range of EM system parameters and most antenna patterns required by
NITES. APM also allows for gaseous absorption effects in all sub-models and computes
troposcatter losses within the diffraction region and beyond.

The APM CSCI is divided into four main computer software components (CSC)
and 47 additional software units (SUs). The purpose of the first CSC, the APMINIT
CSC, is to interface with various SUs for the complete initialization of the APM CSCI.
The purpose of the second CSC, the APMSTEP CSC, is to advance the entire APM CSCI
algorithm one output range step, referencing various SUs to calculate the propagation
loss at the current output range. The purpose of the XOINIT CSC is to initialize the
range, height, and angle arrays in preparation for the XOSTEP CSC. The purpose of the
fourth CSC, the XOSTEP CSC, is to advance the APM CSCI algorithm one output step
from the top of the PE calculation region to the maximum output height specified,
referencing various SUs to calculate the propagation output range.

4. CSCI ARCHITECTURE DESIGN

4.1 CSCI COMPONENTS

The APM CSCI is accessed by a subroutine call which provides, as global data
elements, the values specified in Table 1 through Table 4. The source code for the APM
CSCI is listed in Appendix A. The name and purpose for each CSC and SU are listed
below.

The Advance Propagation Initialization (APMINIT) CSC interfaces with various
SUs for the complete initialization of the APM CSCIL. The APMINIT CSC component
SUs include the following:

1. Allocate Arrays APM (ALLARRAY_APM) SU. Allocates and initializes all
dynamically dimensioned arrays associated with APM terrain, refractivity,
troposcatter, and general variable arrays.
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11.

12.

13.

14.

Allocate Array PE (ALLARRAY_PE) SU. Allocates and initializes all dynamically
dimensioned arrays associated with PE calculations.

Allocate Array RO (ALLARRAY_RO) SU. Allocates and initializes all dynamically
dimensioned arrays associated with RO calculations.

Allocate Array XO (ALLARRAY_XORUF) SU. Allocates and initializes all
dynamically dimensioned arrays associated with XO and rough surface calculations.

Alpha Impedance Initialization (ALN_INIT) SU. Initializes variables used in the
Discrete Mixed Fourier Transform (DMFT) algorithm for finite conductivity and/or
rough surface calculations.

Antenna Pattern (ANTPAT) SU. Calculates a normalized antenna gain (antenna
pattern factor) for a specified antenna elevation angle.

Dielectric Initialization (DIEINIT) SU. Determines the conductivity and relative
permittivity as a function of frequency in MHz based on general ground composition

types.

FFT Parameters (FFTPAR) SU. Determines the required transform size based on
the maximum PE propagation angle and the maximum height needed.

Fill Height Arrays (FILLHT) SU. Calculates the effective earth radius for an initial
launch angle of 5° and fills an array with height values at each output range of the
limiting sub-model, depending on which mode is being used.

Gaseous Absorption (GASABS) SU. Computes the specific attenuation based on
air temperature and absolute humidity.

Get Effective Earth Radius Factor (GET_K) SU. Computes the effective earth
radius factor and the effective earth radius.

Get Alpha Impedance (GETALN) SU. Computes the impedance term in the
Leontovich boundary condition and the complex index of refraction for finite
conductivity and vertical polarization calculations.

Get Grazing Angle (GETGRAZE) SU. Computes the grazing angles at each PE
range step for subsequent use in rough sea surface calculations.

Get Maximum Angle (GETTHMAX) SU. Performs an iterative ray trace to determine
the minimum angle required (based on the reflected ray) in obtaining a PE solution.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Grazing Angle Interpolation (GRAZE_INT) SU. Interpolates grazing angles at each
PE range step based on angles computed from ray trace (takes precedence) and those
computed from spectral estimation.

Interpolate Profile (INTPROF) SU. Performs a linear interpolation vertically with
height on the refractivity profile.

PE Initialization (PEINIT) SU. Initializes all variables used in the PE model for
subsequent calls to the PESTEP SU

Profile Reference (PROFREF) SU. Adjusts the current refractivity profile so that it
is relative to a reference height.

RD Trace (RDTRACE) SU. Performs ray trace of many rays launched within an
angle of £1.5°, storing grazing angles from these rays.

Refractivity Initialization (REFINIT) SU. Checks for valid environmental profile
inputs and initializes refractivity arrays.

Remove Duplicate Refractivity Levels (REMDUP) SU. Removes any duplicate
refractivity levels in the currently interpolated profile.

Terrain Initialization (TERINIT) SU. Examines and initializes terrain arrays for
subsequent use in PE calculations.

Trace to Output Range (TRACE_ROUT) SU. Traces a single ray, whose launch
angle is specified by the calling routine, to each output range.

Troposcatter Initialization (TROPOINIT) SU. Initializes all variables and arrays
needed for subsequent troposcatter calculations.

Starter Field Initialization (XYINIT) SU. Calculates the complex PE solution at
range zero.

The Advanced Propagation Model Step (APMSTEP) CSC advances the entire

APM CSCI algorithm one output range step, referencing various SUs to calculate the
propagation loss at the current output range. The APMSTEP CSC component SUs
include the following:

1.

Airborne Hybrid Model (AIRBORNE) SU. Determines propagation loss based on
flat-earth calculations for the direct ray path only for regions above and below the PE
maximum propagation angle.
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11.

12.

13.

14.

Calculate Propagation Loss (CALCLOS) SU. Determines propagation loss from
the complex PE field at each output height point at the current output range.

DOSHIFT SU. Shifts the field by the number of bins, or PE mesh heights
corresponding to the local ground height.

Discrete Sine/Cosine Fast-Fourier Transform (DRST) SU. Performs a sine or
cosine transform, depending on the value of an integer flag provided by the calling
SU, on both the real and imaginary components of the PE field which are passed
separately.

Flat-Earth Model (FEM) SU. Computes propagation loss at a specified range based
on flat-earth approximations.

Fast-Fourier Transform (FFT) SU. Separates the real and imaginary components of
the complex PE field into two real arrays and then references the DRST SU.

Free-Space Range Step (FRSTP) SU. Propagates the complex PE solution field in
free space by one range step.

FZLIM SU. Determines both the propagation factor (in dB) and the outgoing
propagation angle at the top of the PE calculation region.

Get Propagation Factor (GETPFAC) SU. Determines the propagation factor at the
specified height in dB.

Get Reflection Coefficient (GETREFCOEF) SU. Calculates the complex surface
reflection coefficient, along with the magnitude and phase angle.

Mixed Fourier Transform (MIXEDFT) SU. Propagates the PE field in free space one
PE range step, applying the Leontovich boundary condition, using the mixed Fourier
transform as outlined by Kuttler and Dockery (Ref. 9).

Parabolic Equation Step (PESTEP) SU. Determines the next output range and
begins an iterative loop to advance the PE solution such that for the current PE range,
a PE solution is calculated from the solution at the previous PE range. This procedure
is to be repeated until the output range is reached.

Ray Trace (RAYTRACE) SU. Traces a ray from a starting height and range with a
specified starting elevation angle to a termination range.

Refractivity Interpolation (REFINTER) SU. Interpolates both horizontally and
vertically on the modified refractivity profiles.
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16.

17.

18.

19.

Ray Optics Calculation (ROCALC SU). Computes the RO components which will
be needed in the calculation of propagation loss at a specified range and height within
the RO region.

Ray Optics Loss (ROLOSS) SU. Calculates both the propagation loss and
propagation factor values at a specified range and height based upon the components
of magnitude for a direct-path and surface-reflected ray and the total phase lag angle
between the two rays as determined by the ROCALC SU.

Save Profile (SAVEPRO) SU. Stores the refractivity profiles at each PE range step
from the top of the PE region to the maximum user-specified height.

Spectral Estimation (SPECEST) SU. Determines, via spectral estimation, the
outward propagation angle at the top of the PE calculation region.

Troposcatter (TROPOSCAT) SU. Determines the loss due to troposcatter and
computes the appropriate loss between troposcatter and diffraction in the “transition”
region using a method of “bold interpolation.”

The Extended Optics Initialization (XOINIT) CSC initializes the range, height,

and angle arrays in preparation for the XOSTEP CSC. The XOINIT CSC component SUs
include the following:

Advanced Propagation Model Clean (APMCLEAN) SU. Decallocates all
dynamically dimensioned arrays used in one complete run of APM calculations.

Mean Filter (MEANFILT) SU. Performs an n-point average smoothing on any array
passed to it.

The Extended Optics Step (XOSTEP) CSC advances the APM CSCI algorithm

one output range step from the top of the PE calculation region to the maximum output
height specified, referencing various SUs to calculate the propagation loss at the current
output range. The XOSTEP CSC component SUs include the following:

1.

Extended Optics (EXTO) SU. Calculates propagation loss and propagation factor,
based on extended optics techniques, at the current output range.

4.2 CONCEPT OF EXECUTION



The program flow of the APM CSCl is illustrated in Figure 2. Note that the APM
CSCI is shown within the context of a calling CSCI application such as one that
generates a coverage or loss diagram. The efficient implementation of the APM CSCI
will have far reaching consequences upon the design of an application CSCI beyond
those mentioned in section 7.1. For example, Figure 2 shows checking for the existence
of a previously created APM output file prior to the access of the APM CSCI. The
application CSCI will have to consider if the atmospheric or terrain environment has
changed since the APM output file was created or if any new height or range requirement
is accommodated within the existing APM CSCI output file. Because these and many
more considerations are beyond the scope of this document to describe, an application
CSCI designer should work closely with the APM CSCI development agency in the
implementation of the APM CSCIL.

APM CSCI
Enter from NITES
application menu Ingim: nt —
a| APM initialization g
¢ A4 7| (APMINIT SU)
NITES application |
CSClI initialization *4
APM range step Current range
(APMSTEP SU) APM output

to 2-dim array

APM output
file exists? XO initialization

A > (XOINIT SU)

Current range
APM output
to display

\ 4
XO range step

(XOSTEP SU)
Read file A
and display P Yes Reached No
< v maximum >

range?

Current range
APM output
to display

Return to NITES
application menu

Reached
maximum
range?

Increment
range

Figure 2. APM CSCI program flow.
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4.3 INTERFACE DESIGN

4.3.1 Interface Identification and Diagrams

The APM CSCI interface design consists of one FORTRAN MODULE file for
the external and internal data interface, FORTRAN CALL statements for both output
data and internal interfacing, and several FORTRAN COMMON blocks for the internal
interface. The MODULE file is called APM_MOD. This MODULE’s statements
provide several constants, COMMON blocks, and the dynamically allocated array names.
The COMMON block names are: 1) APM_VAR, 2) ERRORFLAG, 3) INPUTVAR, 4)
REFRACTIVITY, 5) SYSTEMVAR, 6) TERRAIN.

4.3.2 External Interface

The APM CSCI is accessed, through the APMINIT CSC, by a subroutine call
from the NITES CSCI which should provide, as global data elements, the values
specified in Table 1 through Table 4.

The APM CSCI external data elements, i.e., those data which must be provided
by the calling NITES CSCI in the MODULE file prior to the APM CSCI execution can
be divided into four classifications. The first is external data related to the atmospheric
environment, specified within Table 1; the second is data related to the EM system,
specified within Table 2; the third is data related to the implementation of the APM CSCI
by the NITES CSCI, specified within Table 3; and the fourth is data related to the terrain
information, specified within Table 4. Each table lists the type, units, and bounds of each
data element. Table 5 specifies the output data of the APM CSCI model passed back to
the calling CSCI via the FORTRAN CALL statements.
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Table 1. APM CSCI environmental data element requirements.

Name Description Type Units Bounds
refmsl Modified refractivity profile (dynamically real M >0.0°
allocated) array referenced to mean sea
level
hmsl Profile height (dynamically allocated) array real meters See note b
Norof Number of refractivity profiles integer N/A >1
Ivip Number of profile levels integer N/A >2
rmgprof | Dynamically allocated array of ranges to real meters >0.0
each profile
absyum Surface absolute humidity real g/m3 0 to 50°
Lir Surface air temperature real °C -20 to 40°
Ya Surface specific attenuation real dB/km 20.0
Iextra Extrapolation flag for refractivity profiles integer N/A Oor1
entered in combination with terrain below
mean sea level
Ny Number of wind speeds and integer N/A >0.0
corresponding ranges
rngwind | Dynamically allocated array of ranges real meters >0.0
specified for each wind speed in wind().
wind Dynamically allocated array of wind real meters/ 0.0to 10.0
speeds. second

Couplets of height and modified refractivity associated with that height
are referred to within this document as a refractivity profile.

PAll heights in the refractivity profile must be steadily increasing.

°The CCIR gaseous absorption model implemented within APM provides
a +15% accuracy for absolute humidity and surface air temperature
within these bounds. While values beyond these limits are allowed
within APM, it should be noted this may result in less accurate
attenuation rates calculated.

12



Table 2. APM CSCI external EM system data element requirements.

Name Description Type Units Bounds
Upw Antenna vertical beam width real degree .5t045
o Antenna elevation angle real degree -10.0t0 10.0
funz EM system frequency real MHz 100.0 to 20,000.0
Ipat Antenna pattern integer N/A 1to 7

1 = Omni-directional

2 = Gaussian

3 = Sine (X)/X

4 = Cosecant-squared

5 = Generic height-finder

6 = User-defined height-finder

7 = User-defined antenna pattern

Ipol Antenna polarization integer N/A Oto1
0 = Horizontal
1 = Vertical
antp Antenna height above local real meters > 1.5°
ground at range 0.0 m
hfang Dynamically allocated user- real degree 0.0 to 90.0 for i,a=6
defined height-finder power -90.0 to 90.0 for ip=7

reduction angle array (i,,=6) or
antenna pattern angles (ips=7)

hffac Dynamically allocated user- real N/A 0.0to 1.0
defined power reduction factor
array (i,a=6) or antenna patter
factors (ipa=7)

Neaes Number of power reduction integer N/A 1t0 10
angles/factors for user-defined
height-finder antenna pattern

*The minimum antenna height will vary depending on the frequency
and beamwidth according to the formula:

anty = maximum of(1,5,,6fc—°J

mhz 1% bw

where ¢, is the speed of light x 10° m/s (299.79245).
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Table 3. APM CSCI external implementation constants.

Name Description Type Units Bounds
Rimax Maximum height output for a real meters > 100_Oa
particular application of APM
Pimin Minimum height output for a real meters >00
particular application of APM
lerr6 Logical flag to allow for error -6 to be logical N/A “true.’ or
bypassed ‘false.”®
lerr12 Logical flag to allow for error -12 to logical N/A “true.’ or
be bypassed ‘false.”®
Nrout Number of range output points for a integer N/A >1
particular application of APM
Naout Number of height output points for a integer N/A >1
particular application of APM
PEjag Logical flag to enable only the PE logical N/A ‘true.’ or
model for a particular application of false.”
APM
Fmax Maximum range output for a real meters > 5000_0b
particular application of APM
Fonuit PE-range step multiplier real N/A >0.0°
thmax Visible portion of PE maximum real degrees > o_ob
calculation angle
Tropo Logical flag to include troposcatter integer N/A “true.’ or
calculations. ‘false.’

:refer to section 7.2 for a complete description.
refer to section 4.3.4 for a complete description.
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Table 4. APM CSCI external terrain data element requirements.

Name

Description

Type

Units

Bounds

terx
tery

frp

igrnd

rgrnd

dielec

Dynamically allocated terrain profile
range array

Dynamically allocated terrain profile
height array

Number of terrain profile points for a
particular application of APM

Number of ground types for a
particular application of APM

Array of ground composition types for
a particular application of APM

0 = Sea water

1 = Fresh water

2 =Wet ground

3 = Medium dry ground

4 = Very dry ground

5=lIceat-1°C

6=Iceat-10° C

7 = User defined
Dynamically allocated array of
ranges for which ground types are

applied for a particular application of
APM

Dynamically allocated 2-dimensional
array of relative permittivity (g,) and

conductivity (o) for a particular
application of APM

real

real
integer
integer

integer

real

real

meters

meters

N/A

N/A

N/OA

meters

e - N/A
o-Siemens/
meter

>0.02
>0.02

>2
>0.02

0<igmd<78

>0.02

>4

®refer to section 7.3 for a complete description
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Table 5. APM CSCI output data element requirements.

Name Description Type Units Source
Ierror Integer value that is returned if an integer N/A APMINIT CSC
error occurs in called routine XOINIT CSC
Ixostp Index of output range step at which integer N/A APMINIT CSC
XO model is to be applied
Jend Output height index at which valid integer N/A APMSTEP CSC
propagation loss values end
Jstart Output height index at which valid integer N/A APMSTEP CSC
propagation loss values begin
Jxend Output height index at which valid integer N/A XOSTEP CSC
XO propagation loss values end
Jxstart Output height index at which valid integer N/A XOINIT CSC
XO propagation loss values begin
mpf] Propagation loss and factor array integer cB APMSTEP CSC
XOSTEP CSC
Fout Current output range real meters APMSTEP CSC
XOSTEP CSC

4.3.3 Internal Interface

Section 4.2 shows the relationship between the APM CSCI and its four main
CSCIs: APMINIT, AMPSTEP, XOINIT, and XOSTEP. This relationship is illustrated
in Figure 2. The internal interface between these three CSCs and the APM CSCl is left to
the design. However, the internal structure of the APM CSCI and its CSCs and SUs is
shown in Table 6. The left two columns show the calling subroutines, and the right two
columns the subroutines called. Columns 2 and 4 in Table 6 give the section number in
Section 5 where more details about the various CSCs and SUs of the APM CSCI can be
found.
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Table 6. APM internal interface design.

Software Design Description

Software Design Description

SDD SDD
Software Design Description Paragraph Software Design Description Paragraph
Name Number Name Number
CSCI Detailed Design 5 Advance Propagation 5.1
Initialization (APMINIT) CSC
Advance Propagation 5.1 Allocate Arrays APM 511
Initialization (APMINIT) CSC (ALLARRAY_APM) SU
Advance Propagation 5.1 Allocate Array RO 51.3
Initialization (APMINIT) CSC (ALLARRAY_RO) SU
Advance Propagation 5.1 Allocate Array XORUF (XORUF) 51.4
Initialization (APMINIT) CSC SuU
Advance Propagation 5.1 Alpha Impedance Initialization 0
Initialization (APMINIT) CSC (ALN_INIT) SU
Alpha Impedance Initialization 0 Get Alpha Impedance (GETALN) 5.1.12
(ALN_INIT) SU SU
Get Alpha 5.1.12 Get Reflection Coefficient 5.2.10
Impedance(GETALN) SU (GETREFCOEF) SU
Advance Propagation 5.1 Dielectric Initialization (DIEINIT) 51.7
Initialization (APMINIT) CSC SuU
Advance Propagation 5.1 FFT Parameters (FFTPAR) SU 5.1.8
Initialization (APMINIT) CSC
Advance Propagation 5.1 Fill Height Arrays (FILLHT) SU 51.9
Initialization (APMINIT) CSC
Fill Height Arrays (FILLHT) SU 51.9 Ray Trace to Output Range 5.1.23
(TRACE_ROUT) SU

Advance Propagation 5.1 Gaseous Absorption (GASABS) 5.1.10
Initialization (APMINIT) CSC SU
Advance Propagation 5.1 Get Effective Earth Radius 51.11
Initialization (APMINIT) CSC Factor (GET_K) SU
Advance Propagation 5.1 Get Grazing Angle (GETGRAZE) 5.1.13
Initialization (APMINIT) CSC SU
Get Grazing Angle 5.1.13 DOSHIFT SU 5.2.3
(GETGRAZE) SU
Get Grazing Angle 5.1.13 Free-Space Range Step 5.2.7
(GETGRAZE) SU (FRSTP) SU
Free-Space Range Step 5.2.7 Fast-Fourier Transform (FFT) SU 5.2.6

(FRSTP) SU
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Table 6. APM internal interface design. (Continued)

Software Design Description

Software Design Description

SDD SDD
Software Design Description Paragraph Software Design Description Paragraph
Name Number Name Number
Fast-Fourier Transform (FFT) 526 Discrete Sine/Cosine 524
SuU Transform (DRST) SU
Get Grazing Angle 5.1.13 RD Trace (RDTRACE) SU 5.1.19
(GETGRAZE) SU
Get Grazing Angle 5.1.13 Refractivity Interpolation 5.2.14
(GETGRAZE) SU (REFINTER) SU
Refractivity Interpolation 5.2.14 Interpolate Profile (INTPROF) 5.1.16
(REFINTER) SU SuU
Refractivity Interpolation 5.2.14 Profile Reference (PROFREF) 5.1.18
(REFINTER) SU SU
Refractivity Interpolation 5.2.14 Remove Duplicate Refractivity 5.1.18
(REFINTER) SU Levels (REMDUP) SU
Get Grazing Angle 51.13 Spectral Estimation 5.2.18
(GETGRAZE) SU (SPECEST) SU
Spectral Estimation 5.2.18 Discrete Sine/Cosine 524
(SPECEST) SU Transform (DRST) SU
Advance Propagation 5.1 Get Maximum Angle 5.1.14
Initialization (APMINIT) CSC (GETTHMAX) SU
Get Maximum Angle 5.1.14 FFT Parameters (FFTPAR) 5.1.8
(GETTHMAX) SU SuU
Get Maximum Angle 5.1.14 Ray Trace to Output Range 5.1.23
(GETTHMAX) SU (TRACE_ROUT) SU
Advance Propagation 5.1 Grazing Angle Interpolation 5.1.15
Initialization (APMinit) CSC (GRAZE_INT) SU
Advance Propagation 5.1 PE Initialization (PEINIT) SU 5.1.17
Initialization (APMinit) CSC
PE Initialization (PEINIT) SU 5.1.17 Allocate Array PE 51.2
(ALLARRAY_PE) SU
PE Initialization (PEINIT) SU 5.1.17 Interpolate Profile (INTPROF) 5.1.16
SuU
PE Initialization (PEINIT) SU 5.1.17 Starter Field Initialization 5.1.25
(XYINIT) SU
Starter Field Initialization 5.1.25 Antenna Pattern (ANTPAT) 5.1.6

(XYINIT) SU

SuU
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Table 6. APM internal interface design. (Continued)

Software Design Description

Software Design Description

SDD SDD
Software Design Description Paragraph Software Design Description Paragraph
Name Number Name Number
Starter Field Initialization 5.1.25 Discrete Sine/Cosine Transform 524
(XYINIT) SU (DRST) SU
Advance Propagation 5.1 Profile Reference (PROFREF) SU 5.1.18
Initialization (APMINIT) CSC
Advance Propagation 5.1 Refractivity Initialization 5.1.20
Initialization (APMINIT) CSC (REFINIT) SU
Refractivity Initialization 5.1.20 Profile Reference (PROFREF) SU 5.1.18
(REFINIT) SU
Refractivity Initialization 5.1.20 Remove Duplicate Refractivity 5.1.21
(REFINIT) SU Levels (REMDUP) SU
Advance Propagation 5.1 Remove Duplicate Refractivity 5.1.21
Initialization (APMINIT) CSC Levels (REMDUP) SU
Advance Propagation 5.1 Terrain Initialization (TERINIT) 5.1.22
Initialization (APMINIT) CSC SuU
Advance Propagation 5.1 Troposcatter Initialization 5.1.24
Initialization (APMINIT) CSC (TROPOINIT) SU
Troposcatter Initialization 5.1.24 Antenna Pattern(ANTPAT) SU 5.1.6
(TROPOINIT) SU
Troposcatter Initialization 5.1.24 Get Effective Earth Radius Factor 5.1.11
(TROPOINIT) SU (GET_K) SU
CSCI Detailed Design 5 Advance Propagation Model Step 5.2
(APMSTEP) CSC
Advance Propagation Model 5.2 Airborne Hybrid Model 5.2.1
Step (APMSTEP) CSC (AIRBORNE) SU
Airborne Hybrid Model 5.21 Antenna Pattern(ANTPAT) SU 5.1.6
(AIRBORNE) SU
Advance Propagation Model 5.2 Flat-Earth Model (FEM) SU 5.2.5
Step (APMSTEP) CSC
Flat-Earth Model (FEM) SU 5.2.5 Antenna Pattern (ANTPAT) SU 5.1.6
Flat-Earth Model (FEM) SU 5.2.5 Get Reflection Coefficient 5.2.10
(GETREFCOEF) SU
Advance Propagation Model 5.2 Parabolic Equation Step 5.2.12
Step (APMSTEP) CSC (PESTEP) SU
Parabolic Equation Step 5212 Calculate Propagation Loss 522

(PESTEP) SU

(CALCLOS) SU
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Table 6. APM internal interface design. (Continued)

Software Design Description

Software Design Description

SDD SDD
Software Design Description Paragraph Software Design Description Paragraph
Name Number Name Number
Calculate Propagation Loss 522 Get Propagation Factor 5.2.9
(CALCLOS) sU (GETPFAC) SU
Calculate Propagation Loss 5.2.2 Troposcatter (TROPOSCAT) SU 5.2.19
(CALCLOS) SU
Troposcatter (TROPOSCAT) SU 5.2.19 Antenna Pattern (ANTPAT) SU 5.1.6
Parabolic Equation Step 5.2.12 DOSHIFT SU 5.2.3
(PESTEP) SU
Parabolic Equation Step 5212 Free-Space Range Step 5.2.7
(PESTEP) SU (FRSTP) SU
Free-Space Range Step 527 Fast-Fourier Transform (FFT) 5.2.6
(FRSTP) SU SU
Fast-Fourier Transform (FFT) SU 5.2.6 Discrete Sine/Cosine Transform 524
(DRST) SU
Parabolic Equation Step 5.2.12 FZLIM SU 5.2.8
(PESTEP) SU
FZLIM SU 5.2.8 Get Propagation Factor 5.2.9
(GETPFAC) SU
FZLIM SU 5.2.8 Save Profile (SAVEPRO) SU 5.2.9
FZLIM SU 5.2.8 Spectral Estimation (SPECEST) 5.2.18
SU
Spectral Estimation (SPECEST) 5.2.18 Discrete Sine/Cosine Transform 524
SuU (DRST) SU
Parabolic Equation Step 5212 Get Alpha Impedance 5.1.12
(PESTEP) SU (GETALN) SU
Get Alpha Impedance (GETALN) 5.1.12 Get Reflection Coefficient 5.2.10
SuU (GETREFCOEF) SU
Parabolic Equation Step 5.2.12 Mixed Fourier Transform 5.2.11
(PESTEP) SU (MIXEDFT) SU
Mixed Fourier Transform 5.2.11 Free-Space Range Step 5.2.7
(MIXEDFT) SU (FRSTP) SU
Free-Space Range Step 527 Fast-Fourier Transform (FFT) 5.2.6
(FRSTP) SU SU
Fast-Fourier Transform (FFT) SU 5.2.6 Discrete Sine/Cosine Transform 524

(DRST) SU
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Table 6. APM internal interface design. (Continued)

Software Design Description

Software Design Description

SDD SDD
Software Design Description Paragraph Software Design Description Paragraph
Name Number Name Number
Parabolic Equation Step 5212 Refractivity Interpolation 5214
(PESTEP) SU (REFINTER) SU
Refractivity Interpolation 5.2.14 Interpolate Profile (INTPROF) 5.1.16
(REFINTER) SU SuU
Refractivity Interpolation 5.2.14 Profile Reference (PROFREF) 5.1.18
(REFINTER) SU SuU
Refractivity Interpolation 5.2.14 Remove Duplicate Refractivity 5.1.21
(REFINTER) SU Levels (REMDUP) SU
Advance Propagation Model Step 5.2 Ray Optics Loss (ROLOSS) 5.2.16
(APMSTEP) CSC SU
Ray Optics Loss (ROLOSS) SU 5.2.16 Ray Optics Calculation 5.215
(ROCALC) sU
Ray Optics Calculation (ROCALC) 5.2.15 Antenna Pattern (ANTPAT) SU 51.6
SuU
Ray Optics Calculation (ROCALC) 5.2.15 Get Reflection Coefficient 5.2.10
SuU (GETREFCOEF) SU
Ray Optics Calculation (ROCALC) 5.2.15 Ray Trace (RAYTRACE) SU 5.2.13
SuU
CSCI Detailed Design 5 Extended Optics Initialization 5.3
(XOINIT) CSC
Extended Optics Initialization 53 Advanced Propagation Model 5.31
(XOINIT) CSC Clean (APMCLEAN) SU
Advanced Propagation Model 5.3.1 Discrete Sine/Cosine (DRST) 524
Clean (APMCLEAN) SU SuU
Extended Optics Initialization 53 Mean Filter (MEANFILT) SU 5.3.2
(XOINIT) CSC
CSCI Detailed Design 5 Extended Optics Step 54
(XOSTEP) CSC
Extended Optics Step (XOSTEP) 54 Advanced Propagation Model 5.3.1
CSC Clean (APMCLEAN) SU
Advanced Propagation Model 5.3.1 Discrete Sine/Cosine 524
Clean (APMCLEAN) SU Transform (DRST) SU
Extended Optics Step (XOSTEP) 54 Extended Optics (EXTO) SU 541

CSsC
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Table 6. APM internal interface design. (Continued)

Software Design Description Software Design Description
SDD SDD
Software Design Description Paragraph Software Design Description Paragraph

Name Number Name Number
Extended Optics (EXTO) SU 541 Troposcatter (TROPOSCAT) SU 5.2.19
Troposcatter (TROPOSCAT) 5.2.19 Antenna Pattern (ANTPAT) SU 5.1.6
SuU
Extended Optics Step 54 Flat-Earth Model (FEM) SU 5.2.5
(XOSTEP) CSC
Flat-Earth Model (FEM) SU 5.2.5 Antenna Pattern (ANTPAT) SU 5.1.6
Flat-Earth Model (FEM) SU 5.2.5 Get Reflection Coefficient 5.2.10

(GETREFCOEF) SU
Extended Optics Step 54 Ray Optics Loss (ROLOSS) SU 5.2.16
(XOSTEP) CSC
Ray Optics Loss (ROLOSS) SU 5.2.16 Ray Optics Calculation 5.2.15
(ROCALC) sU

Ray Optics Calculation 5.2.15 Antenna Pattern (ANTPAT) SU 5.1.6
(ROCALC) SU
Ray Optics Calculation 5.2.15 Get Reflection Coefficient 5.2.10
(ROCALC) sU (GETREFCOEF) SU
Ray Optics Calculation 5.2.15 Ray Trace (RAYTRACE) SU 5.2.13
(ROCALC) sU

4.3.4 Internal Data

The APM CSCI takes full advantage of Fortran 90 features, utilizing allocatable
arrays for all internal and input arrays. This requires the NITES CSCI designer to
correctly allocate and initialize all arrays necessary for input to the APM CSCI.

Due to the computational intensity of the APM CSClI, it may not be necessary or
desirable to use the extreme capability of the APM CSCI for all applications. The
variables 7,,,, and n,,,, refer to the desired number of range and height output points for
any one particular application, and will be specified when the APMINIT CSC is called.

One of the parameters returned to the NITES application from the APMINIT CSC
1S i This allows for greater flexibility in how input data is handled within the NITES
application. Table 7 lists all possible errors that can be returned.
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The logical variables lerr6 and lerri2, when set to ‘.false.’, allow the NITES
application to bypass their associated errors as these are not critical to the operation of the
APM CSCIL.

Table 7. APMINIT SU returned error definitions.

ierror Definition
-6 Last range in terrain profile is less than r,,.,. Will only return this error if lerr6
set to “.true.’.
-7 Specified cut-back angles (for user-defined height-finder antenna pattern)
are not increasing.
-8 hmax is less than maximum height of terrain profile.
-9 Antenna height with respect to mean sea level is greater than maximum
height hay.
-10 Beamwidth is less than or equal to zero for directional antenna pattern.
-11 Number of antenna pattern or power reduction factors and angles is less
than or equal to 1. For i, = 6, Nees Must be at least 1; for jpa = 7, Npaes Must
be at least 2.
-12 Range of last environment profile given (for range-dependent case) is less
than rp.. Will only return this error if lerr12 set to “.true.’.
-13 Height of first level in any user-specified refractivity profile is greater than 0.
First height must be at mean sea level (0.0) or < 0.0 if below mean sea level.
-14 Last gradient in any environment profile is negative.
-17 Range points of terrain profile are not increasing.
-18 First range value in terrain profile is not 0.
-19 Elevation angle specified is greater than 10° or less than -10°.
-25 Specified only the PE model to be used but did not specify maximum
propagation angle th,ay.
-41 Transmitter height is less than 1.5 meters.
-42 Minimum height input by user, h,,, is greater than maximum height, h,.y.
-43 Transform size is greater than 2°°.
-44 Combination of frequency and antenna beamwidth results in antenna
physically below the surface. Increase frequency or beamwidth for valid
combination.

-45 Wind speed specified is greater and 10 m/s.

The APM CSCI provides propagation loss and factor for all heights and ranges
when running in a full hybrid mode. When running in a partial hybrid mode, it provides
propagation loss and factor for all heights, but not necessarily for all angles. Finally, it
will be limited in both height and angle coverage when running in a PE-only mode.
Refer to Section 7.1 for environmental conditions under which each execution mode is
automatically selected.
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Absorption by atmospheric gases (oxygen and water vapor) may be important to
some applications of the APM CSCI and is controlled by specifying a non-zero value for
the absolute humidity, absy,,, and the surface air temperature, ¢,;; or likewise, specifying
a non-zero value for the gaseous absorption attenuation rate, %,.

A particular application of the APM CSCI may or may not require the
consideration of troposcatter effects within the propagation loss calculations. For
example, a radar evaluation most likely would not be influenced by troposcatter; while
an ESM evaluation would. APM has the feature of including or not including the
troposcatter calculation by setting a logical flag called 7,,,,. Setting this flag to ‘.false.’
would omit the calculation. Setting this flag to ‘.true.” would include the calculation. For
the APM CSCI implementation within the NITES coverage and loss diagram
applications, 7}, must be set equal to ‘.true.” so as to include the calculation.

APM by default will run in an “automatic” mode which, depending upon user-
specified inputs, will choose the appropriate sub-models to use for a particular
application. However, by setting the logical flag PEy,, to “.true.’ this will force APM to
use only the PE sub-model for a particular NITES application. By default, this flag is set
to ‘.false.’. If this flag is ‘.true.’, then the visible portion of the maximum PE propagation
angle, thyy, (i.., the maximum propagation angle the PE algorithm will accommodate in
the field calculations) and the parameter, 7,,,;;, must be specified. By default, 7, 1s equal
to 1; however, th,,,, does not have a default value and must be explicitly defined. The
parameter 7, 1s a range step multiplier, allowing the user to vary the PE range step from
the default calculated.

Use this option with caution as you must have some basic knowledge of PE
algorithms and how they work to input proper combinations of maximum calculation
angles and range steps for a given frequency. When using this option, most error
checking is bypassed and parameter limits can be over-ridden. Erroneous field values
may result if a poorly chosen combination of thy,, and vy, are used.

5. CSCI DETAILED DESIGN

A description of each component of the APM CSCI is provided in the following
subsections.

5.1 ADVANCE PROPAGATION MODEL INITIALIZATION (APMINIT) CSC

The purpose of the APMINIT CSC is to interface with various SUs for the
complete initialization of the APM CSCI.

Upon entering the APMINIT CSC, several variables are initialized. All internal
logical flags controlling certain environmental calculations and errors are initialized.
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The wind speeds and ranges are checked to see if they fall within the specified
bounds. If not, then an error is returned.

Next, the absorption calculation flag, k., is set to 1 if the air temperature, ¢, or
the absolute humidity, absy,., are non-zero. If an attenuation rate is specified (¥ # 0),
then k. 1s set to 2. If the user specifies both 7, and absy,, to be 0, then ks is set equal
to 0, in which case no absorption losses are computed.

Next, if running the APM CSCI under the hybrid mode (PEy,, = ‘.false.’), then
the antenna height, the maximum output range, 7., the maximum output height, /.y,
and the minimum output height, #4,,,, are checked for valid numerical values. If the
antenna height is below 1.5 meters, then i, is set to —41 and the APMINIT CSC is
exited. 7,4y 1S set to the value specified from the calling CSCI or 5000 meters, whichever
is greater; and Ay, 1S set to the value specified from the calling CSCI or 100 meters,
whichever is greater. If 4,,;, is greater than 4,,,,, then i, 1s set to -42 and the APMINIT
CSC is exited. If the maximum output range and minimum and maximum output height
values are valid, then the APMINIT CSC proceeds to the next step.

The atmospheric volume must be “covered” or resolved with a mesh of
calculation points that will, as a matter of routine, exceed the height/range resolution
requirements of the particular application of the APM CSCI. The height and range mesh
size per APM CSCI output point, Az,, and Ar,,, respectively, are calculated from the
number of APM output points and the maximum range and height as follows:

AZ _ _“max min

- nZ()ut

The number of terrain range/height pairs, i,,, used for internal calculations is
initialized to 1 plus the user-specified number of range/height pairs, 7,. The
ALLARRAY _ APM SU is then referenced to dynamically allocate and initialize all arrays
associated with terrain, refractivity, troposcatter, and general variable arrays. If an error
has occurred while allocating memory, i, 1S returned with a non-zero value and the
CSC is exited; otherwise, the CSC proceeds to the next step.

Next, the constants used to determine the antenna pattern factor are computed.
First, if a user-defined height-finder antenna pattern has been specified (i, = 6), along
with power cut-back angles and factors, then the angles are converted to radians and
stored in array hfangr. If the cut-back angles are not steadily increasing, i, is set to -7
and the CSC is exited; otherwise, the CSC proceeds with the next step.
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If a directional antenna pattern has been specified, the antenna vertical beamwidth
in degrees, Uy, 1s checked for extremely small beamwidth values. If the value is less
than or equal to 10'4, lerror 18 set to -10 and the CSC is exited. If the elevation angle is
greater than 10° or less than -10°, then i,,,,, is set to -19 and the CSC is exited; otherwise,
the CSC proceeds with the next step.

The antenna beamwidth and elevation angles are converted to radians (f,, and
MUor, Tespectively) and the following variables, anty,. and f,, for use in the ANTPAT SU
are determined as follows. If the antenna pattern is Gaussian (i,,,=2), then anty,. 1s given
by

34657359

iz

If the antenna pattern is Sin(X)/X (i, = 3), or a generic height finder (i,,; = 5),
then anty, is given by

ant

139157
ant,, = ————

fac
SIN (“bj
2

and u _ is given by

max

T

2
V4
ant ;. [l —
’ ant .

If running the APM CSCI in hybrid mode, the antenna height is next checked for
a valid height based on the combination of frequency and beamwidth specified. The
antenna height must not be less than the radius of the antenna and is bounded by

ILl}’naX = TAN -

. c
ant,, = maximum 0f(1.5,.6—0] ,
mhz Hbw

where ¢, is the speed of light (299.79x10°m/s ).
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Next, the TERINIT SU is referenced to initialize all terrain profile and associated
arrays. If an error has occurred while in the TERINIT SU, i, 1s returned with a non-
zero value and the CSC is exited; otherwise, the CSC proceeds with the next step.

If vertical polarization and/or rough surface calculations are required (i.e., a non-
zero wind speed is specified), then the flag, i, indicating which DMFT algorithm to use,
is set to 1 (central difference) for frequencies less than 400 MHz, and is set to 2
(backward difference) for frequencies greater than 400 MHz. The default value for i,
is 0, in which case, no DMFT algorithm is used for the particular APM application.

Arrays containing all output ranges, rngout, 20 times the logarithm of all output
ranges, rlogo, and the square of the output ranges, rsgrd, are initialized accordingly:

rngout ;=i Ar,,, ,
rlog0i=20 LOGIO (iArout)’ i=1,2,..n
rsqrd ;=(i Ar,, )2.

The minimum power of 2 transform, /n,,;,, 1s next initialized to 10. If the PE-only
option is not activated (PEpj,, = ‘.false.”), then the execution mode in which the APM
CSCI will operate is determined. Based on inputs, it determines whether to use the
airborne hybrid mode (ijs-s=0), full hybrid mode (insig=1), or partial hybrid mode
(inypria=2). For antenna heights greater than 100 meters above the local ground height,
inybria 1 set equal to 0. For antenna heights less than 100 meters, iypig 1s initialized to 1.
If performing a terrain case (f;.,=.true.”) and the first 2500 meters of the terrain profile is
not flat, then 7.4 1s set equal to 2. If running in full hybrid mode (ixis=1), then the
ALLARRAY RO SU is referenced to allocate and initialize all arrays associated with
RO calculations.

The variable yj.r 1s initialized to 0. If a terrain profile has been specified
(fre=".true.’), then yy.ris set equal to #y;. Next, the output height arrays zout and zro are
initialized as follows:

zout; =hm,r +iAz,,,
: ; i=1,2,...n
Zro; =ZOul; = ¥ fior

Next, the REFINIT SU is referenced to initialize all refractivity associated arrays.
If an error has occurred while in the REFINIT SU, i,,,,, is returned with a non-zero value
and the CSC is exited; otherwise, the CSC proceeds to the next step.

If the PE-only option is activated (PEj,, = .true.’), then the minimum height for
the PE calculation region z. is set equal to Aty;,. If the PE-only option is not activated
(PEjqq = “.false.’), then output height arrays used in FE calculations are computed:
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zoutma; =zout; —ant ¢

;o 1=1L,2,n,,, .
zoutpa; =zout; =y g.r +ant, .
The limiting grazing angle, ¥, is computed as
.04443
Yiim = MAX (.002, 3333 |-
MHz

If more than one refractivity profile has been specified (1., > 1), then ¥, is multiplied
by 2. It is then adjusted for trapping effects by

>

Yiim =V iim +\/‘2(rmmax o rmmin)

where rm,, and rm,,;, are determined in the REFINIT SU. The RO elevation angle limit,
Olim, 18 given by

Oy = \/ ‘l/lim + 2(rmtx — refdumo)( ,

where the variable rm,, and array refdum are determined in the REFINIT SU. Next, the
height tolerance, z,, is initialized to .05, and the range and index variables for the RO
region, irop, and xgon, are initialized to -1 and 0, respectively. The minimum height for
the PE calculation region is determined next. The minimum height encompassing all
trapping refractive layers is given by

h h + h thick >

test — "“trap

where /.4, and Ay are determined in the REFINIT SU. If running in full hybrid mode
(inypria=1), the minimum height for the PE calculation region is given by

2,y =MAX (h

test

1.2h

testd —* termax ) s

where /yepmay 18 determined in the TERINIT SU. If running in either the partial hybrid
mode or PE-only mode, z, is then given by

Zw = AMAX ht,,,, ant, , ).

test
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The tangent angle, .y, used for automatic calculation of the maximum propagation angle
is given by

with ¢, now set equal to the greater of a,., or the previously determined ¢, and @ 1s
44 times the mean earth’s radius. The GET_K SU is then referenced to determine the

effective earth’s radius factor.

If rough surface calculations are required (ruf' = ‘.true’), then the wavelength, A,
and the free-space wave number, k,, are initialized using a fixed frequency of 10 GHz

(frq9):

The maximum PE calculation angle is set equal to the greater of 4° (thmxg) or the
maximum terrain tangent angle, a,, determined in TERINIT SU. The FFTPAR SU is
then referenced to determine PE grid variables and the transform size required. Next, the
PEINIT SU is referenced to initialize all arrays and variables associated with the PE
calculation algorithm. Variables needed for spectral estimation of the grazing angles are
then initialized. The number of bins, n,, considered in the near-surface PE region, is set
equal to 16. The power of 2 transform, /n,, is set equal to 9. The following variables
used in the spectral estimation calculations are given by

In
n =27,

n
n

—_P
4 — ’
P4
Ny =30,
o
N yps =—.

I’lp4

The ALLARRAY XORUF SU is then referenced to allocate and initialize all arrays
associated with rough surface calculations. The filter array fi/tp is now determined by

filip, =) +4COS(icn i} i=0,1,20n,,
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and the variable xo.,, is given by

A
xo0,, =———.
con
2nAz,,

The GETGRAZE SU is next referenced to determine all grazing angles for subsequent
rough surface calculations. This involves computing a complete PE run out to the
maximum range 7,.. In doing this, the refractivity arrays initially set in the REFINIT
SU must be re-initialized for the second, or “real,” PE run that includes rough surface
effects.

If rough surface calculations are not required (ruf = ‘.false.”), then the grazing
angle array ¥is initialized to 0, with the number of grazing angles, iy, set to 1.

Next, the wavelength and free-space wave number are recomputed for the
specified frequency fim::

j=Co j 2T

fMHz, ’ j‘ -

The DIEINIT SU is then referenced to initialize all dielectric ground constants. If rough
surface calculations are required two terms used in the computation of the rough surface
reflection coefficient are determined as follows:

47 (.0051

ruf,, = ruf_ fac winafl2

b

where wind, is the first wind speed in m/s provided by the calling CSCI.

If the PE-only option is activated (PEj,, = °‘.true.’), then the maximum
propagation calculation angle used in the PE region, 6,,, is determined according to:

@max = A thmax ‘

The minimum transform size is then set to /n,,;, plus 1 for every 5° in ©,,,. The FFTPAR
SU is then referenced to determine the PE grid variables, and the maximum valid height
within the PE calculation region, zj;,, is set equal to the smaller of z,., and At;,. The
PEINIT SU is then referenced to initialize all PE variables and arrays and, if required
(1.e., igg > 0), the ALN_INIT SU is referenced to initialize all arrays and variables used in
the surface impedance calculations.

30



If the PE-only option is not activated (PEj,, = ‘.false.”) and if using the airborne
hybrid mode (ipypi=0), then the maximum PE calculation angle is determined from &5,
obtained from the GET K SU, according to

—4
@max - A @75 ’

and the minimum transform size is set to /n,,;, plus 1 for every 5° in ©,,,,. The FFTPAR
SU is then referenced to determine the PE grid variables, and the maximum valid height
within the PE calculation region, zj;,, is set equal to z,. If the airborne mode is not the
mode of execution (ijsrig#0), then the GETTHMAX SU is referenced to determine the
minimum angle @5 to use within the PE calculation region. z;, is then set equal to the
smaller of z;;,, and hty;,.

In order to determine if XO calculations are required, the following steps 1
through 6 are performed for iz not equal to 0.

1. If zj,, 1s less than ht;,-m-IO'5 , then the SU proceeds with steps 2 through 6. Otherwise,
these steps are skipped and the output range and index, 7,.. and i,,., respectively, are
calculated as

r._=2r

atz max ¥

=n,, +1

ratz rout

i

2. The bin number jzj;,, corresponding to zj;,, is given by

Az pg

and zj,, is recomputed such that it corresponds to an integer multiple of bins or mesh
heights: z,= jziim Azpe.

3. Next, 74, and i, are determined based on the height, angle, and range arrays htemp,
raya, and rtemp, previously determined in the GETTHMAX SU. First, the index j is
initialized to iy, (previously determined in the GETTMAX SU) and the index id is
initialized to 1. The following steps 3.a through 3.b are repeated until j is greater than

i rtemp-

a. If htemp; is greater than z;;,, then the iteration is ended and the SU proceeds with
step 4.
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b. If htemp; is greater than zrt;s, then id is incremented by 1. The index j is now
incremented by 1. Steps 3a through 3b are then repeated.

4. The index ira is set equal to the greater of 1 or j-1; the index idg is set equal to id-1;
and the gradient g, 1s set equal to grig.

5. Next, the ray with initial launch angle a;,,,.; 1s traced from height htemp;,, to zj;,. The
square of the local ray angle, rad, at the end of the ray trace step is given by

rad =raya’, +2g,, (z,, —htemp, )

The local ray angle, a,,., at height z;;, is initialized to 0. If rad is greater than 0, then
Aq 18 given by

a,. =SIGN(l, raya, )rad ,
and the range 7, is now given by

a,, —raya,

—_— a ra
r, =rtemp,  +
grd

6. If r,. is less than 7, and zj, is less than At;,, then the index £ is determined such
that rngouty > r,,. and rngouty < r,.. Then i,,, is set equal to the smaller of 7,,,, and
k, and iy, 1 set equal to i.... The number of XO calculations needed, iy,, is then set
equal to iyogp.

The PEINIT SU is next referenced to initialize all variables and arrays necessary
for PE calculations. All variables and arrays associated with XO calculations are now
initialized, provided i,, is greater than 0. The maximum number of points, iz, allocated
for arrays used in XO calculations, is determined by

NINT(rm”Z ~a ]
e )iy,

iz

iz =

max
inc

Next, variables needed for spectral estimation calculations are initialized. The number of
bins, n,, considered in the upper PE region, is set equal to 8 if no terrain profile or wind
speeds are specified, and 16, otherwise. The power of 2 transform, /n,, is set equal to 8.
The following variables are given by
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The ALLARRAY XORUF SU is then referenced to allocate and initialize all arrays
associated with XO calculations. The filter array filtp is now determined by

filip, =) +5COS(icn s} i=0,1,20en ,,

and the variable xo,, is given by

A
X0 ==
con
2nAz,,

The ALN INIT SU is next referenced to initialize all arrays and variables used in the
surface impedance calculations, and the FILLHT SU is referenced to obtain the Atfe array
separating the FE from the RO region.

Several variables associated with the beginning, middle, and end of a PE range
step, are initialized. If rough surface calculations are required, the GRAZE INT SU is
referenced to interpolate the pre-computed grazing angles (as determined in the
GETGRAZE SU) at every output range step. If troposcatter calculations are required
(Tvopo = 1), then the TROPOINIT SU is referenced to initialize all variables and arrays.
An additive loss term pl.,;; and the free-space loss fs/ are determined at each output range
step by

plcn.vt = 20 LOGIO (2 ko )’
fsl. =rlogo, + pl

.
cnst 9

Finally, if the absorption flag k. is equal to 1, then the GASABS SU is
referenced to determine the absorption attenuation rate, gas,,. If k. is equal to 2, then
gasqy 1s determined by the calling CSCl-specified attenuation rate, 3, multiplied by 107
to convert %, from dB/km to dB/m. Several dynamically allocated terrain arrays used in
the TERINIT SU are deallocated and the CSC is exited.

33



Table 8 and Table 9 identify, describe the purpose for, state the units of, and show

the computational source for each input and output data element, respectively, of the
APMINIT CSC.

Table 8. APMINIT CSC input data element requirements.

Name Description Units Source
absnm | Absolute humidity near the surface g/meters® Calling CSCI
ekt | % times mean earth radius meters APM_MOD
anty Transmitting antenna height above local ground meters Calling CSCI
Co Speed of light multiplied by 10°® meters/sec APM_MOD
dielec | 2-dimensional array containing the relative permittivity N/A, Calling CSCI

and conductivity; dielec, ; and dielec, ;, respectively. S/m
vz Frequency MHz Calling CSCI
frag Frequency in MHz at which to perform grazing angle MHz APMINIT
calculations CsC
Y Gaseous absorption attenuation rate dB/km Calling CSCI
hfang Cut-back angles degrees Calling CSCI
hffac Cut-back antenna pattern factors N/A Calling CSCI
Nmax Maximum output height with respect to mean sea level meters Calling CSCI
Apmin Minimum output height with respect to mean sea level meters Calling CSCI
hmsl 2-dimensional array containing heights with respect to meters Calling CSCI
mean sea level of each profile. Array format must be
hmsl;; = height of /" level of /" profile; j=1 for range-
independent cases
Iextra Extrapolation flag for refractivity profiles entered in N/A Calling CSCI
combination with terrain below below mean sea level
0 = extrapolate to minimum terrain height standard
atmosphere gradient
1= extrapolate to minimum terrain height using first
gradient in profile
Igr Number of different ground types specified N/A Calling CSCI
igrnd Integer array containing ground type composition for N/A Calling CSCI

given terrain profile - can vary with range. Different
ground types are:
0 = sea water
1 = fresh water
2 = wet ground
3 = medium dry ground
4 = very dry ground
5 =ice at -1 degree C
6 = ice at -10 degree C
7 = user defined (in which case, values of
relative permittivity and conductivity must be
given).
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Table 8. APMINIT CSC input data element requirements. (Continued)

Name Description Units Source
Ipat Antenna pattern type N/A Calling CSCI
1 = Omni-directional
2 = Gaussian
3 = Sine(x)/x
4 = Cosecant-squared
5 = Generic height-finder
6 = User-defined height-finder
7 = User-defined antenna patter
Ipol Polarization flag: N/A Calling CSCI
0 = horizontal polarization
1 = vertical polarization
irtemp Temporary number of range steps (used for ray N/A APM_MOD
tracing)
itp Number of height/range points in profile N/A Calling CSCI
lerr6 Logical flag to allow for error -6 to be bypassed N/A Calling CSCI
lerr12 | Logical flag to allow for error -12 to be bypassed N/A Calling CSCI
Ivip Number of levels in refractivity profile N/A Calling CSCI
Ntacs Number of user-defined cut-back angles and cut-back N/A Calling CSCI
antenna factors for user-specified height-finder
antenna type
Norof Number of refractivity profiles N/A Calling CSCI
Nrout Number of output height points desired N/A Calling CSCI
Ny Number of wind speeds N/A Calling CSCI
Nyout Number of output range points desired N/A Calling CSCI
PEjag Flag to indicate use of PE algorithm only: N/A Calling CSCI
“true.” = only use PE sub-model
‘false.’ = use automatic hybrid model
pi Constant equal to the value of &t N/A APM_MOD
refmsl 2-dimensional array containing refractivity with respect M-units Calling CSCI
to mean sea level of each profile. Array format must
be refmsl;; = M-unit at i" level of /" profile; j=1 for
range-independent cases
rgrnd Array containing ranges at which varying ground types meters Calling CSCI
apply.
Fmax Maximum specified range meters Calling CSCI
Fonuit PE range step multiplication factor N/A Calling CSCI
rngprof | Ranges of each profile: rngprof; = range of " profile meters Calling CSCI
rngwind | Ranges of wind speeds entered: rngwind, = range of meters Calling CSCI
" wind speed
Lair Air temperature near the surface °C Calling CSCI
terx Range points of terrain profile meters Calling CSCI
tery Height points of terrain profile meters Calling CSCI
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Table 8. APMINIT CSC input data element requirements. (Continued)

Name Description Units Source
thpmax Visible portion of maximum PE calculation angle degrees Calling CSCI
Omxg Maximum PE calculation angle for spectral radians APMINIT CSC

estimation of grazing angles
Tropo Troposcatter calculation flag: N/A Calling CSCI
‘.false.’= no troposcatter calcs
‘.true.’ = troposcatter calcs
Hopw Antenna vertical beamwidth degrees Calling CSCI
o Antenna elevation angle degrees Calling CSCI
wind Array of wind speeds meters/sec Calling CSCI
Table 9. APMINIT CSC output data element requirements.
Name Description Units
Aatz Local ray or propagation angle at height z;,, and range rz, radians
aunch | Launch angle used which, when traced, separates PE and XO regions N/A
from the RO region
i Elevation angle of the RO limiting ray radians
ant: | Antenna pattern parameter (depends on ipys and ) N/A
Argr PE range step used for calculation of grazing angles meters
Alout Output range step meters
AZoyt Output height increment meters
dielec | 2-dimensional array containing the relative permittivity and conductivity; N/A,
dielec1,i and dielec2,i, respectively. S/m
filtp Array filter for spectral estimation calculations N/A
fsl Free space loss array for output ranges dB
gas.: | Gaseous absorption attenuation rate dB/m
hfangr | Cut-back angles radians
falg Integer flag indicating which DMFT algorithm is being used: N/A
0 = no DMFT algorithm will be used
1 = use central difference algorithm
2 = use backward difference algorithm
Ierror Error flag N/A
g Counter indicating current ground type being modeled N/A
Inybrid Integer indicating which sub-models will be used: N/A
0 = pure PE model
1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)
A Starting index for mpfl array: N/A
0 = 1% calculated output point is at surface
1 = 1% calculated output point is at height Az,
ipe Number of PE range steps N/A
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Table 9. APMINIT CSC output data element requirements. (Continued)

Name Description Units
Iratz Index of output range step in which to begin storing propagation factor N/A
and outgoing angle for XO region
irop Array index for previous range in RO region N/A
ltpa Number of height/range points pairs in terrain profile arrays tx, ty N/A
ixo Number of range steps in XO calculation region N/A
Ixostp Current output range step index for XO calculations N/A
iz Number of propagation factor, range, angle triplets stored in array ffacz N/A
1Zpmax Maximum number of points allocated for arrays associated with XO N/A
calculations
JZiim PE bin # corresponding to z;y, i.e., Zim = jZjim AZpe N/A
Kabs Gaseous absorption calculation flag: N/A

0 = no absorption loss

1 = compute absorption loss based on air temperature t,;, and
absolute humidity absp,n,

2 = compute absorption loss based on specified absorption
attenuation rate y,

ko Free-space wave number meters”’
y) Wavelength meters
Inpin Minimum power of 2 transform size N/A
Ing, Power of 2 transform size used in spectral estimation calculations; i.e., N/A
np= 2"p
Hor Antenna pattern elevation angle radians
Upwr Antenna vertical beamwidth in radians radians
Umax Limiting angle for SIN(X)/X and generic height-finder antenna pattern N/A
factors
Ny Number of bins in upper and near-surface PE region to consider for N/A
spectral estimation.
Np34 Yan, N/A
Np4 Yan, N/A
Ng Transform size for spectral estimation calculations N/A
Pelev Sine of antenna elevation angle N/A
Plenst Constant used in determining propagation loss (plc,st = 20 10g10(2 ko)) dB/m
Wi Grazing angle of limiting ray radians
latz Range at which z;;, is reached (used for hybrid model) meters
rlogo | Array containing 20 times the logarithm of all output ranges N/A
rngout | Array containing all desired output ranges meters
rsqrd | Array containing the square of all desired output ranges meters®
ruf Logical flag indicating if rough sea surface calculations are required N/A

‘true.” = perform rough sea surface calculations
‘false.” = do not perform rough sea surface calculations

Tufee Factor used for wave height calculation meters™

Shw Sine of antenna vertical beam width N/A
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Table 9. APMINIT CSC output data element requirements. (Continued)

Name Description Units
Orax Maximum propagation angle used in PE calculations radians
Oy 75% of maximum propagation angle in PE calculations radians

XOcon Constant used in determining outgoing propagation angle ¥, N/A
Yeur Height of ground at current range r meters
Yourm Height of ground midway between last and current PE range meters
Yiref Ground elevation height at source meters
Yiast Height of ground at previous range f;,s meters

xROn Next range in RO region meters
Ziim Height limit for PE calculation region meters
zout Array containing all desired output heights referenced to hpnter meters

zoutma | Array output heights relative to “real” ant meters
zoutpa Array output heights relative to “image” ant,r meters
zro Array of output heights in RO region meters
Ztest Height in PE region that must be reached for hybrid model meters
Zol Height tolerance for Newton's method meters

5.1.1 Allocate Arrays APM (ALLARRAY_APM) SU

The purpose of the ALLARRAY APM SU is to allocate and initialize all
dynamically dimensioned arrays associated with APM terrain, refractivity, troposcatter,
and general variable arrays.

The ALLARRAY APM SU utilizes the FORTRAN ALLOCATE and
DEALLOCATE statements to dynamically size arrays that have been previously declared
with the ALLOCATABLE attribute in the APM_MOD MODULE or to free the array
storage space previously reserved in an ALLOCATE statement. Each dimension of the
ALLOCATABLE array is indicated by a colon in the APM_MOD module (e.g.,
array(:)). The ALLOCATE statement establishes the upper and lower bounds of each
dimension and reserves sufficient memory. Because attempting to allocate a previously
allocated array causes a run-time error, each ALLOCATE statement for an array is
preceded by a test to determine if it has been allocated. If it has, it is deallocated first
before it is allocated.

Initially, the integer used to indicate an error, i, 1S set to zero. If, in attempting
to allocate an array, a value of i, other than zero is returned by an ALLOCATE
statement, the SU is exited. Note that each array that is dynamically allocated in this SU
1s initialized to zero.

There are six integers input to this SU that are used to dynamically allocate the
arrays. Unless otherwise indicated, these integers are used as the single dimension of the
dynamically allocated array. The first, i, is the number of different ground types
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specified. The second, iy, is the number of terrain points used internally in arrays #x and
ty. The third, lvip, is the number of levels in the refractivity profile. The fourth, ny,, is
the number of user-defined cut-back antenna pattern factors for the user-defined height-
finder antenna type. The fifth, n,,,, 1s the integer number of output range points desired.
And finally, the sixth, 7.,,, is the integer number of output height points desired.

The definitions of the following arrays allocated in this SU are given in Table 11.
The only array that is allocated using the integer ny.s is hfangr. The arrays that are
allocated using the integer n,,,, are rsqrd, fsl, rlogo, hlim, htfe, and rngout. The arrays
that are allocated using the integer n.,,, are zout, zoutma, zoutpa, rfacl, rfac2, and rloss.
Only those arrays associated with the hybrid mode of execution will be allocated; i.e., if
the PE-only mode is activated (PEjy, = .false’), then arrays rsqrd, zoutma, zoutpa, hlim,
and Atfe will not be allocated.

The arrays associated with terrain information use either the integer i, or the
integer i,. The arrays that are allocated with the integer i,,, are #x, ty, and slp. The arrays
allocated using the integer i, are igrnd, rgrnd, and nc’. The array dielec is allocated
using two as the first dimension and i, as the second dimension. While arrays igrnd,
rgrnd, and dielec are usually specified by the calling CSCI, it is not necessary when
performing an over-water case. In this case, i, can have a value of 0, and these arrays
will be defaulted to size of one element with a sea-surface ground type.

All refractivity arrays used in the PE algorithm are allocated using the integer /vip
and include refdum, htdum, grdum, href, and refref.

The arrays associated with troposcatter calculations use either integers #.,,, and
N0 and will be allocated only if troposcatter calculations are required for the particular
APM CSCI application (7,,p, = “.true.’). The arrays allocated using the integer 7.4
include adif, d2s, rdt, and s, and the array allocated for size 7,4, 1s 0.

Table 10 and Table 11 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the ALLARRAY APM SU.
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Table 10. ALLARRAY_APM SU input data element requirements.

Name Description Units Source
igr Number of different ground types specified N/A Calling CSCI
ltpa Number of terrain points used internally in terrain profile N/A APMINIT CSC

arrays tx, ty
Ivip Number of levels in refractivity profile N/A Calling CSCI
Nfacs Number of user-defined cut-back angles and cut-back N/A Calling CSCI
antenna factors for user-specified height-finder antenna
type

Nrout Number of output height points desired N/A Calling CSCI
Nyout Number of output range points desired N/A Calling CSCI

PE.g Flag to indicate use of PE algorithm only: N/A Calling CSCI

‘.true.” = only use PE sub-model
‘false.” = use automatic hybrid mode
Tropo Troposcatter calculation flag: N/A Calling CSCI
‘false.’= no troposcatter calcs
‘.true.’ = troposcatter calcs
Table 11. ALLARRAY_APM SU output data element requirements.

Name Description Units
adif Height differences between ant,.s and all output receiver heights meters
d2s Array of tangent ranges for all output receiver heights over smooth meters

surface

dielec 2-dimensional array containing the relative permittivity and conductivity; N/A,

dielec,;and dielec,, respectively. S/m
fsl Free space loss array for output ranges dB
grdum | Array of refractivity gradients defined by profile htdum and refdum M-units/

meter
hfangr | Cut-back angles radians
hlim Array containing height at each output range separating the RO region meters
from the PE (at close ranges) and XO (at far ranges) regions
href Heights of refractivity profile with respect to y,.r meters
htdum Height array for current interpolated profile meters
htfe Array containing the height at each output range separating the FE meters
region from the RO region (full hybrid mode), or the FE region from the
PE region (partial hybrid mode)
ferror Integer variable indicating error number for ALLOCATE and N/A
DEALLOCATE statements
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Table 11. ALLARRAY_APM SU output data element requirements. (Continued)

Name Description Units
igrnd Integer array containing ground type composition for given terrain N/A
profile - can vary with range. Different ground types are:
0 = sea water
1 = fresh water
2 = wet ground
3 = medium dry ground
4 = very dry ground
5=ice at -1 degree C
6 =ice at-10 degree C
7 = user defined (in which case, values of relative permittivity
and conductivity must be given).
nc? Array of complex dielectric constants N/A
rat Array of minimum ranges at which diffraction field solutions are meters
applicable (for smooth surface) for all output receiver heights.
refdum | M-unit array for current interpolated profile M-units
refref Refractivity profile with respect to y,.r M-units
rfact Propagation factor at valid output height points from PE field at range dB
Tast-
rfac2 Propagation factor at valid output height points from PE field at range r dB
rgrnd Array containing ranges at which varying ground types apply meters
rlogo Array used for storing 20 LOG;o(output ranges) N/A
rloss Propagation loss dB
rngout | Array containing all desired output ranges meters
rsqrd Array containing the square of all desired output ranges meters®
sip Slope of each segment of terrain N/A
90 Array of angles used to determine common volume scattering angle radians
v2s Array of tangent angles from all output receiver heights - used with radians
smooth surface
tx Range points of terrain profile meters
ty Adjusted height points of terrain profile meters
zout Array containing all desired output heights referenced to hpnter meters
zoutma | Array output heights relative to “real” ant, meters
zoutpa | Array output heights relative to “image” ant,r meters

5.1.2 Allocate Array PE (ALLARRAY_PE) SU
The purpose of the ALLARRAY PE SU is to allocate and initialize all
dynamically dimensioned arrays associated with PE calculations.

The

ALLARRAY PE SU utilizes the FORTRAN ALLOCATE

DEALLOCATE statements to dynamically size arrays that have been previously declared
with the ALLOCATABLE attribute in the APM_MOD module or to free the array
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storage space previously reserved in an ALLOCATE statement. Each dimension of the
ALLOCATABLE array is indicated by a colon in the APM _MOD MODULE (e.g.,
array(:)). The ALLOCATE statement establishes the upper and lower bounds of each
dimension and reserves sufficient memory. Because attempting to allocate a previously
allocated array causes a run-time error, each ALLOCATE statement for an array is
preceded by a test to determine if it has been allocated. If it has, it is deallocated first
before it is allocated.

Initially, the integer used to indicate an error, i..or 1S Set to zero. If in attempting
to allocate an array, a value of i, other than zero is returned by an ALLOCATE
statement, then the SU is exited. Note that each array that is dynamically allocated in this
SU is initialized to zero.

There are two integers input to this SU that are used to dynamically allocate the
arrays. Unless otherwise indicated, these integers are used as the single dimension of the
dynamically allocated array. The first, ny, is the transform size. The second, ng, is the
transform size ny; divided by four.

The definitions of the following arrays allocated in this SU are given in Table 13.
The arrays that are allocated using the integer ny; are envpr, frsp, U, Ulast, ht, profint,
udum, rn, w, and ym. The only array allocated using the integer ny4 is filt. If rough sea
surface or finite conductivity calculations are not required (ruf = ‘.false.” and i,,; = 0),
then arrays rn, w, and ym will not be allocated.

Table 12 and Table 13 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the ALLARRAY PE SU.

Table 12. ALLARRAY_PE SU input data element requirements.

Name Description Units Source

Ipol Polarization flag: N/A Calling CSCI

0 = horizontal polarization
1 = vertical polarization

N Transform size N/A FFTPAR SU
ny Ya nfft N/A APMINIT CSC
ruf Logical flag indicating if rough sea surface N/A APMINIT CSC

calculations are required
‘true.” = perform rough sea surface calculations
‘false.” = do not perform rough sea surface
calculations
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Table 13. ALLARRAY_PE SU output data element requirements.

Name Description Units
envpr | Complex [refractivity] phase term array interpolated every Azp¢ in height N/A
filt Cosine-tapered (Tukey) filter array N/A
frsp Complex free-space propagator term array N/A
ht PE mesh height array of size ng meters
Ierror Integer variable indicating error number for ALLOCATE and N/A
DEALLOCATE statements
profint | Profile interpolated to every Azpe in height M-units
m Array of Ry to the /" power (e.g., m;= R}) N/A
u Complex field at current PE range r uv/m
Udum | Dummy array used for temporary storage of real or imaginary part of uV/m
complex PE field array U
Ulast Complex field at previous PE range rj. uV/m
w Difference equation of complex PE field uV/m
ym Particular solution of difference equation N/A

5.1.3 Allocate Array RO (ALLARRAY_RO) SU
The purpose of the ALLARRAY RO SU is to allocate and initialize all
dynamically dimensioned arrays associated with RO calculations.

The ALLARRAY RO SU utilizes the FORTRAN ALLOCATE and
DEALLOCATE statements to dynamically size arrays that have been previously declared
with the ALLOCATABLE attribute in the APM_MOD MODULE or to free the array
storage space previously reserved in an ALLOCATE statement. Each dimension of the
ALLOCATABLE array is indicated by a colon in the APM_MOD module (e.g.,
array(:)). The ALLOCATE statement establishes the upper and lower bounds of each
dimension and reserves sufficient memory. Because attempting to allocate a previously
allocated array causes a run-time error, each ALLOCATE statement for an array is
preceded by a test to determine if it has been allocated. If it has, it is deallocated first
before it is allocated.

Initially, the integer used to indicate an error, i, 1S set to zero. If in attempting
to allocate an array, a value of i, other than zero is returned by an ALLOCATE
statement, then the SU is exited. Note that each array that is dynamically allocated in this
SU is initialized to zero.

There are two integers input to this SU that are used to dynamically allocate the
arrays. Unless otherwise indicated, these integers are used as the single dimension of the
dynamically allocated array. The first of these is /vip, the number of points in the
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refractivity profile, and the second is 7.,,, Which is the number of output height points
desired.

The definitions of the following arrays allocated in this SU are given in Table 15.
The array zro is allocated using the integer n.,,. The remainder of the arrays associated
with refractivity information, gr, ¢, rm, and zrt, are allocated using the integer Ivipt,
which is equal to /vip plus one.

Table 14 and Table 15 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the ALLARRAY RO SU.

Table 14. ALLARRAY_RO input data element requirements.

Name Description Units Source

Ivip Number of levels in refractivity profile N/A Calling CSCI
Nyout Number of desired output height points N/A Calling CSCI

Table 15. ALLARRAY_RO output data element requirements.

Name Description Units
gr Intermediate M-unit gradient array M-units/meter
q Intermediate M-unit difference array M-units
rm Intermediate M-unit array M-units
zro Array of output heights meters
zrt Intermediate height array meters

5.1.4 Allocate Array XORUF (ALLARRAY_XORUF) SU
The purpose of the ALLARRAY XORUF SU is to allocate and initialize all
dynamically dimensioned arrays associated with XO and rough sea surface calculations.

The ALLARRAY XORUF SU utilizes the FORTRAN ALLOCATE and
DEALLOCATE statements to dynamically size arrays that have been previously declared
with the ALLOCATABLE attribute in the APM_MOD MODULE or to free the array
storage space previously reserved in an ALLOCATE statement. Each dimension of the
ALLOCATABLE array is indicated by a colon in the APM_MOD module (e.g.,
array(:)). The ALLOCATE statement establishes the upper and lower bounds of each
dimension and reserves sufficient memory. Because attempting to allocate a previously
allocated array causes a run-time error, each ALLOCATE statement for an array is
preceded by a test to determine if it has been allocated. If it has, it is deallocated first
before it is allocated.
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Initially, the integer used to indicate an error, i, 1S set to zero. If in attempting
to allocate an array, a value of i, other than zero is returned by an ALLOCATE
statement, then the SU is exited. Note that each array that is dynamically allocated in this
SU is initialized to zero.

There are six integers input to this SU that are used to dynamically allocate the
arrays. Unless otherwise indicated, these integers are used as the single dimension of the
dynamically allocated array. The first of these is iy, and is the number of XO range step
calculations required. The second is iz, the maximum number of points allocated for
arrays associated with XO calculations. The third is is /vip, the number of points in the
refractivity profile. The fourth is 7,4, 1/4 of the number of points, n,, used in the top or
bottom portion of the PE region for spectral estimation. The fifth is 7,,,, the number of
output range points desired, and the last is n,, the transform size used in spectral
estimation calculations (i.e., n,=2"»), where the integer In, is the power of 2 transform

size.

The definitions of the following arrays allocated in this SU are given in Table 17.
The array ffrout is allocated using the integer n,,, as the first dimension and two as the
second dimension. The integer iz, 1s used as the first dimension limit, and the integer
three is used as the second dimension in the allocation of the array ffacz. Both of the
arrays, grad and htr are allocated with the first dimension given by /vlp and the second
dimension given by iz, The array /vl is allocated using the integer iz,,,. The array filtp
is allocated using the integer n,4. The three arrays xp, yp, and spectr are allocated using
the integer ;.

If no XO calculations are required (i, = 0), then the arrays ffrout, ffacz, grad, htr,
and /vl will not be allocated.

Table 16 and Table 17 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the ALLARRAY XORUF SU.

Table 16. ALLARRAY_XORUF SU input data element requirements.

Name Description Units Source
Ixo Number of range steps in XO calculation region N/A APMINIT CSC
iZmax Maximum number of points allocated for arrays N/A APMINIT CSC
associated with XO calculations
Ivip Number of height/refractivity levels in profiles N/A Calling CSCI
Np4 Yang N/A APMINIT CSC
Nrout Integer number of output range points desired N/A Calling CSCI
Ns Transform size for spectral estimation calculations N/A APMINIT CSC
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Table 17. ALLARRAY_XORUF SU output data element requirements.

Name Description Units
ffacz 2-dimensional array containing propagation factor, range, and dB, meters,
outgoing propagation angle at zj;, radians
ffrout 2-dimensional array of propagation factors at each output range dB
beyond r,, and at height z;,
filtp Array filter for spectral estimation calculations N/A
grad 2-dimensional array containing gradients of each profile used in XO M-units/ meter
calculations
htr 2-dimensional array containing heights of each profile used in XO meters
calculations
Ierror Integer variable indicating error number for ALLOCATE and N/A
DEALLOCATE statements
vl Number of height levels in each profile used in XO calculations N/A
spectr | Spectral amplitude of field dB
xp Real part of spectral portion of PE field uvim
yp Imaginary part of spectral portion field uvim

5.1.5 Alpha Impedance Initialization (ALN_INIT) SU

The purpose of the ALN INIT SU is to initialize variables and arrays used for
either the backward or central difference form of the DMFT algorithm. The DMFT
algorithm is used only for finite conductivity and/or rough sea surface calculations.

Upon entering, the GETALN SU is referenced to obtain the surface impedance,
0s, the complex root Ry, the array rn containing the powers of the complex root, and a
coefficient R; used in the central difference algorithm. These variables are computed
from the grazing angle y and current range, which, for initialization purposes are set
equal to 74 and 0, respectively.

If the central difference algorithm is required (i,,=1) for the particular APM
CSCI application, then coefficients necessary for this form of the DMFT are computed as
follows:

=

ck, =R .S(U0 +U, mn, )+nZ:UI. rnl}

ck,=R,| .5 (U0 rn, +U, )+ >
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If the backward difference algorithm is required (i.,=2) for the particular APM
CSCl application, then the variable cmfft is initialized using the starting PE field U and the
array rn according to

Ml
cmft= ZUirni .
i=1

Table 18 and Table 19 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the ALN INIT SU.

Table 18. ALN_INIT SU input data element requirements.

Name Description Units Source
7 Grazing angle radians APMINIT CSC
lalg Integer flag indicating which DMFT algorithm is being N/A APMINIT CSC
used:

0 = no DMFT algorithm will be used
1 = use central difference algorithm
2 = use backward difference algorithm

r Current range meters APMINIT CSC
N1 N1 N/A APMINIT CSC
Ry Constant used to compute coefficients in central N/A GETALN SU

difference form of the DMFT
m Array of Ry to the /" power (e.g., m;= R}) N/A GETALN SU
v Complex field at current PE range r uvim XYINIT SU

Table 19. ALN_INIT SU output data element requirements.

Name Description Units
cky Coefficient used in central difference form of DMFT N/A
cky Coefficient used in central difference form of DMFT N/A
cmft Coefficient used in backward difference form of DMFT N/A

5.1.6 Antenna Pattern (ANTPAT) SU

The purpose of the ANTPAT SU is to calculate an antenna pattern factor
(normalized antenna gain), f{¢), for a specified antenna elevation angle, . Currently,
antenna pattern factors are included for six types of antennas. These patterns include an
omni-directional (i,,,=1) type; a Gaussian (i,,,=2) type; a Sin(X)/X (ip,=3) type; a
cosecant-squared (i,,~4) type; a generic height-finder (i,,~=5) type; a user-defined height-
finder type (i,,=6), in which the calling CSCI must also specify an array of cut-back
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angles and pattern factors; and finally, a user-defined antenna type (i,; =7), in which the
calling CSCI must specify an array of antenna pattern factors and angles.

From two antenna pattern parameters, ant,, and p.,; the antenna beam width, u

e and elevation angle, u,,; a specified angle, ¢, for which the antenna pattern factor is

desired; and the antenna radiation pattern type, Lpats the antenna factor is calculated as
follows.

If the antenna pattern is omni-directional, then (&) =1 . If the antenna pattern is
Gaussian, then

f(Ot)= e_amfac [SIN (a)_pelev ]2

If the antenna pattern is cosecant-squared, compute the elevation angle relative to
the antenna elevation angle as

apat = a_lunr

The antenna pattern is now given as

S
fla)y=—"—, for o, > Ly, »
SIN(OKW) pat wr

f(a)zMAX(.O&{H%D, for @, < 0,
bwr

f(a)=1 otherwise,
where sy, 1s determined in the APMINIT CSC.

If the antenna pattern is Sin(X)/X, a generic height-finder, or a user-specified
height-finder, the following calculations are made.

1. The elevation angle relative to the antenna elevation angle, ¢4, is determined as in
the previous definition. If the antenna radiation pattern type is a generic or user-
specified height-finder, the radiation pattern is simulated as a Sin(X)/X type with the
elevation angle adjusted to account for the current pointing angle of the main beam,
. X 1s set equal to the antenna elevation angle g, . If the direct-path ray angle, ¢, is
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greater than the antenna elevation angle, then ¢, is computed as ,,, = - oy and
is set equal to .

2. The antenna pattern is now given as

f(o)=1 for [,y | < 10°
_ SINl‘antﬁlc SIN(apat )J, for ‘apa, < Umax,
ant g, SIN(“ pat)

£(a)=.03, otherwise.

For a user-defined height-finder, the pattern factor is further adjusted by a power
reduction factor, Affac;, as

f(a)= f(a) hifac; ; [= N, -2, 1

where i is an angle counter, decremented by one from the number of power reduction
angles, ng,. , for each power reduction angle, fangr;, which exceeds .

For the user-defined antenna type, the antenna pattern factor is simply the array
hffac provided by the calling CSCI at angles Ahfangr, where pattern factors are
interpolated from Affac for angles o within hfangr.

Table 20 and Table 21 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the ANTPAT SU.
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Table 20. ANTPAT SU input data element requirements.

Name Description Units Source
antss. Antenna pattern parameter (depends on i, and N/A APMINIT CSC
,Ubwr)
o Antenna elevation angle radians Calling SU
Oy Direct ray elevation angle radians AIRBORNE SU
FEM SU
ROCALC SU
TROPOINIT SU
TROPOSCAT SU
XYINIT SU
hfangr | Cut-back angles if iyt = 6; radians Calling CSCI
Antenna pattern angles if ipe; = 7
hffac Cut-back antenna pattern factors if j,4 = 6; N/A Calling CSCI
Antenna pattern factors if i, = 7
Ipat Antenna pattern type N/A Calling CSCI

1 = Omni-directional

2 = Gaussian

3 = Sine(x)/x

4 = Cosecant-squared

5 = Generic height-finder

6 = User-defined height-finder
7 = User-defined antenna patter

Hor Antenna pattern (pointing) elevation angle radians APMINIT CSC

Howr Antenna vertical beam width radians APMINIT CSC

Hinax Limiting angle for Sin(X)/X and generic height- radians APMINIT CSC
finder antenna pattern factors

Nfacs Number of user-defined cut-back angles and N/A Calling CSCI
cut-back pattern factors

Pelev Sine of antenna elevation angle N/A APMINIT CSC

Sbw Sine of antenna vertical beam width N/A APMINIT CSC

Table 21. ANTPAT SU output data element requirements.

Name Description Units

f (a) Antenna pattern factor for elevation angle « N/A

5.1.7 Dielectric Initialization (DIEINIT) SU
The purpose of the DIEINIT SU is to determine the conductivity and relative
permittivity as a function of frequency in MHz based on general ground composition

types.
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The DIEINIT SU supports the following general ground types: salt water, fresh
water, wet ground, medium dry ground, very dry ground, ice at -1°C, ice at -10°C, and
user-defined. For all ground types other than “user-defined,” the permittivity and
conductivity are calculated as functions of frequency from curve fits to the permittivity
and conductivity graphs shown in the Recommendations and Reports of the International
Radio Consultative Committee ( Ref. 4). For the i input ground type case, igrnd;, the

permittivity £, and conductivity o are determined as follows:

For salt water (igrnd; = 0), the relative permittivity is given by 70 for
S £2253.5895; and the conductivity is given by 5.0 S/m for f,, <1106.207. For

S > 2253.5895, the relative permittivity is given by

14114535% 1072~ 52122497 x10° £, +58547829x10™" r2, T
~ 76717423107 2 +29856318 x107>' £ '

r

For f,,. >1106207, the conductivity o in S/mis given by

oo 3.8586749 +9.1253873x 107" £,,,,. +1530992x 107 £
1-2.1179295x107° f,,,,. + 65727504 107" 7 —19647664x 107" £

For fresh water (igrnd; = 1), the relative permittivity £ 1is given by 80 for
<6165.776 . For higher frequencies, £, is given by

MHz —

. 79.027635—3.5486605x 107 f,,,.. + 8210184 x107 £,
" 1-22083308 x107° £, +2.7067836 <107 f1,. —1.0007669x 107" £,

For f,,, >5776.157, the conductivity ¢ in S/m is given by

- _(—.65750351 +66113198 %107 £, +14876952x107° ffm) ’
1455620223 %107 £, +3.0140816 x107° 12, '

For f,,, <5776.157, the conductivity o in S/m is given by

oo (201.97103 +12197967x107 £, —1.728776 107 ffmj B
1-2.5539582x107° f,,,,. —3.7853169x10° f 2, '
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For wet ground (igrnd; = 2), the relative permittivity &£, is given by 30 for
<1312.054. For 1312.054 < f,,. <422811, the relative permittivity &£, is given

MHz —

by

. 85794335 + 55275278 X107 £,
"\ 1.-89983662 107 £, +88247139x10°° f2,.

For f,,. 2422811, the relative permittivity £, is given by

.- 91531026 —4.0348211x107 £, + 74342897 x107 f2..
r 1-9.4530022 x 107° £, +4.892281x 107" 2,

For f,,. >15454.4, the conductivity ¢ in S/m for wet ground is given by

0 = 08756665 +4.7236085x107° f,,,.. +2.6051966 x 107 17
—9.235936x107"° £ +14560078 x107"7 2
~ 11129348 x 107 £, +33253339x107* £ .

For f,,. <15454.4, the conductivity o in S/m for wet ground is given by

0 =55990969 x 10~ +8.7798277 x107° f,,,,. + 62451017 x10°* £
— 71317207 1072 £, + 42515914 %107 £
—1.240806 x 107 £, +13854354x10°> ...

For medium dry ground (igrnd; = 3), the relative permittivity &, 1s given by 15 for
<4841.945. For f,, > 4841945, the relative permittivity £ is given by

MHz —

o~ |21587521-26151055x 107 £, +19484482x107 £
T 1-7.6649237 x107° f,,,,. +12565999 x107° £

At f,,. <4946.751 for medium dry ground, the conductivity ¢ in S/m is given by

0 =(2.4625032x107 +18254018 x107* £, —2.664754 x107* 1
+7.6508732x 1072 £3, — 74193268 x107'° £ .

For f,,. >4946.751, for medium dry ground, the conductivity o in S/m is given by
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0 =(017381269 +12655183%107* f,,,,. —1.6790756 x107° £,
+11037608 X107 7. —29223433x 107 f1 ).

For very dry ground (igrnd; = 4), the relative permittivity €, is given by 3 and the
conductivity o in S/mis 0.0001 for f,, <590.8924. For 590.8924 < f, . <7131.933,
the conductivity ¢ in S/m is given by

0=22953743x107* - 81212741107 f,,,,. +18045461x107° f2,.
—1960677x107"* 7 +1256959 x107" £, —446811x107" f7
+94623158 x107 5 —11787443x107°° £ +79254217 %107 £}
—22088286x107" £,

For f,,. >7131.933 MHz, the conductivity o in S/m is given by

0 =(—4.9560275x107 +29876572 %107 f,,,.. — 30561848 x 107" 11
+11131828 x107° 7,..)°.

For ice at -1°C (igrnd; = 5), the relative permittivity &£, is 3 for all frequencies,
and the conductivity o, for f,,. <300, is given by

oo 38814567x 107 +9.878241x107° £, +7.9902484 x 107° £,
1+8.467523%107 £, —9.736703x107° £, +3269059x 107" £},

and for f,,, >300 is given by

o 12434792 % 107 +8.680839x107" £, +7.2701689 X 107" £, —2.6416983x107" /7, +137552x 107" £,
1+2.824598 X107 £,,,,. —6.755389 107" £, +2.8728975x 107" £,.. —1.8795958 x 107" £,

For ice at -10°C (igrnd; = 6), the relative permittivity &, is 3 for all frequencies,
and the conductivity o, for f,,. <8753398, is given by

__1+3.883854x10° f,,,, +6.832108x10° /1,
51852.543+389.58894 1,

>

and for f,,, >8753398,is given by

c=413105%x107° +2.03589 %107 f,,. —31739x 1072 /2, +452331x1077 f3, .
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For the user-defined ground type (igrnd; = 7), the relative permittivity £ and the
conductivity o in S/m are set equal to the input values dielec, ; and dielec, ;, respectively.

Finally, the complex dielectric constant is given by
ncl=¢€,+60A0,; fori=123, .i,.

Table 22 and Table 23 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the DIEINIT SU.

Table 22. DIEINIT SU input data element requirements.

Name Description Units Source
dielec | 2-dimensional array containing the relative permittivity N/A, Calling CSCl,
and conductivity; dielec,; and dielec,;, respectively. S/m DIEINIT SU
funz Frequency MHz APM_MOD
Igr Number of different ground types specified N/A Calling CSCI
igrnd Integer array containing ground type composition for N/A Calling CSCI

given terrain profile - can vary with range. Different
ground types are:

0 = sea water

1 = fresh water

2 = wet ground

3 = medium dry ground

4 = very dry ground

5 =ice at -1 degree C

6 = ice at -10 degree C

7 = user defined (in which case, values of

relative permittivity and conductivity must be

given).
A Wavelength meters | APMINIT CSC
rgrnd | Array containing ranges at which varying ground meters Calling CSCI
types apply.

Table 23. DIEINIT SU output data element requirements.

Name Description Units

nc? Array of complex dielectric constants N/A

5.1.8 FFT Parameters (FFTPAR) SU
The purpose of the FFTPAR SU is to determine the required transform size based
on the maximum PE propagation angle and the maximum height needed for desired
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coverage. If running in full or partial hybrid modes, the maximum height is the height
necessary to encompass at least 20% above the maximum terrain peak along the path or
the highest trapping layer specified in the environment profiles, whichever is greater. If
running in a PE-only mode, the maximum height is the specified maximum output height.

For computational efficiency reasons, an artificial upper boundary is established
for the PE solution. To prevent upward propagating energy from being “reflected”
downward from this boundary and contaminating the PE solution, the PE solution field
strength is attenuated or “filtered” above a certain height to ensure that the field strength
just above this boundary is reduced to zero. The bin width in z-space Azpg is found from

A
Nz =—————
T SING,,)

where A is the wavelength in meters and 6,,, is the maximum propagation angle in
radians.

The flag, ig,,, 1s used to determine maximum FFT size based on a given 6, and
desired coverage height z;, or it will determine z;,, based on a given 6,,,, and FFT size.

For i4,,=0, the constants /ny, ng, and z,,, are found from /n,,;, as follows,
lnfﬁ = lnmin’
_ Al
ng=2"",
Zmux = njﬁAZPE H

where /n,,;, 1s the minimum power of two transform size. /n,;, is initialized to 10 and for
every 5° in O,, is increased by 1. Next, the transform size needed to perform
calculations to a test height z, is determined. First, z; is set equal to z;, minus a small
height precision tolerance. Then a DO WHILE loop is executed as long as the condition
Y4 Zymax < z; 18 satisfied. Within this DO WHILE loop z,,, 1s found from

lnfﬁ = lnﬁt +1,

_ lnm
ng=2"",

Zmaz = nfﬁ AZPE .

If Ing; reaches the value of 30, then the SU is exited with a non-zero error code.

For the case where ij,,=1, no iteration needs to be performed. z;, is determined
by a given Iny and 6, from equations shown above.
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Upon exiting, z;;, is computed as ¥4 z,,,y.

Table 24 and Table 25 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the FFTPAR SU.

Table 24. FFTPAR SU input data element requirements.

Name Description Units Source
iftag Flag indicating whether to determine maximum FFT N/A APMINIT CSC
size ng based on given 6, and z;,, or determine z;, GETTHMAX SU
based on given G, and FFT size ns.

A Wavelength meters APMINIT SU
N in Minimum power of 2 transform size N/A APMINIT SU
Oax Maximum propagation angle in PE calculations radians APMINIT CSC

GETTHMAX SU

Zjim Maximum height region where PE solution is valid meters APMINIT CSC

GETTHMAX SU

Table 25. FFTPAR SU output data element requirements.

Name Description Units
Az Bin width in z space meters
PE
[ Error code N/A
Ing Power of 2 transform size, i.e., nw=2 Ing N/A
N Transform size N/A
Zjim Maximum height region where PE solution is valid meters
Zmax Total height of the FFT/PE calculation domain meters

5.1.9 Fill Height Arrays (FILLHT) SU

The purpose of the FILLHT SU is to calculate the effective earth radius for an
initial launch angle of 5° and to fill an array with height values at each output range of the
limiting sub-model, depending on which mode is being used. If running in a full hybrid
mode, the array contains height values at each output range separating the PE from the
RO region. If running in partial hybrid or PE-only modes, the array contains those height
values at each output range at which the initial launch angle has been traced to the ground
or surface. These height values represent the separating region where, above that height,
valid loss is computed, and below that height, no loss is computed. This is done so that
only loss values that fall within a valid calculation region are output.

Upon entering the SU, internal one-line ray trace functions are defined as
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for general parameters a, b, ¢, and refractivity gradient g,,.

For the case when ipi=1 (full hybrid mode), all height values at each output
range separating the FE region from the RO region, are determined and stored in array
htfe. For ranges greater than 2.5 km, the ray defined by a 5° elevation angle is traced up
to the maximum height A#;,,. The ray is “traced” by simple geometry at every output
range and the height array htfe is determined as follows. The temporary variable y,, is
found from

Y=y 'fref — an trefa

where the parameter yj., is the ground elevation height at the source, and ant,.s is the
transmitting antenna height relative to the height /4, The values of htfe; are then
determined by

hife; =y ;,r3  for rngout; <r,

i 9i: 19 29 o Nyout
htfe, =MIN(htlim , MAX{y fref 3V ar TsTIIGOUL, }% for rngout, >r,,

where 7, is a constant range of 2,500 meters, s is the tangent of 5°, and rngout; is the
output range at every i range step.

For the airborne hybrid model (ij;-5=0) the TRACE_ROUT SU is referenced to
determine the heights at every output range separating the upper FE region from the PE
region. These heights are stored in array hlim. The heights separating the lower FE
region from the PE region are stored in array Atfe as outlined below.

For partial hybrid (PE plus XO) or airborne modes, the initial launch angle is
traced until it hits the surface, storing heights traced at each output range.

First, several variables are initialized. The angle at the start of the trace, ay, is set
to -ajguncn (determined in the GETTHMAX SU); the initial range, ry, is set equal to zero;
and the height at the start of the ray trace step, A, is set equal to ant,.. The index, /,
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indicating the location of the source height in array htdum, is set equal to the index iu.;.
The terrain elevation at the current range, #y,, is initialized to 0, and the index j is set
equal to one.

The following steps (1 through 3) are performed until the ray has reached the

surface or the ray has been traced to 7,,,,, whichever comes first.

1. The output range to trace to, ,, 1s initialized to rngout;, and htfe; is initialized to 0.

2. Now, the following steps 2a through 2d are performed until y has reached 7,, the ray
has turned around within a refractive layer, or the ray has hit the surface, whichever
comes first.

a.

The range at the end of the ray trace step, 7, is initialized to r,. The refractivity
gradient, g,4 is set equal to grdum,.;. The angle and height at the end of the trace
step, a; and 4, are now given by

a, = AP(aO,r1 — ro),
h = HP (hy,a, a,).

If a terrain profile has been specified (f., = ‘.true.”), then the terrain elevation at
the current traced range 7 is determined according to

tyh, =tyh, +tvh,., (;J

Ve — 1k

where #yh is the array of terrain elevations sampled at every PE range step Arpg
and #yhy is the terrain height at the K™ range step 7 equal to kArpg.

For negative values of a;, the height 4; is first checked to determine if the ray
height 4, has fallen below the current terrain height tyh,. If so, A is set equal to
tyh, and a new angle and range are re-computed

a,=— /RADA I(ay,h,~h, ),
h =RP(r0 ' _ao)'

If the ray has been traced through a lower refractive layer, then the index / is
decremented by one and 4, is now set to Atdum,. A new angle and range a; and r;
are re-computed as above.
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d. ayp, ro, and hy are now set equal to the values of a;, |, and 4, respectively. If one
of the conditions in step 2 has been met, then the SU proceeds to step 3;
otherwise, steps 2a through 2d are repeated.

3. The ray has now been traced to output range rngout; and height h, at that range is
stored in array Atfe. The index j is incremented by one and if the ray has not reached
the surface or 7.y, then steps 1 through 3 are repeated.

Once the ray trace is completed, the index j is decremented by one and htfe; is set
equal to im,., for all remaining output range steps j through 7,4..

Table 26 and Table 27 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the FILLHT SU.

Table 26. FILLHT SU input data element requirements.

Name Description Units Source

8launch Launch angle used which, when traced, radians GETTHMAX SU
separates the PE and XO regions from the RO
region

ant,ef Transmitting antenna height relative to the meters TERINIT SU
reference height hinter

Arpe PE range step meters PEINIT SU

frer Logical flag indicating if terrain profile has been N/A TERINIT SU

specified:

‘true.’ = terrain profile specified
‘false.’ = terrain profile not specified

grdum | M-unit gradient array (M- REFINIT SU
unit/meter)
hmref Height relative to hpnter meters TERINIT SU
htdum Height array for current interpolated profile meters REFINIT SU
htji, User-supplied maximum height relative to hinter meters TERINIT SU
i.e., ht/im =hmax‘ hminter
Inybrid Integer indicating which sub-models will be used: N/A APMINIT CSC

0 = pure PE model
1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)

istart1 Refractivity level index within htdum at ant,.¢ N/A REFINIT SU
Iviep Number of refractivity levels in profile htdum, N/A REFINIT SU
refdum
Nrout Integer number of the output range points N/A Calling CSCI
desired
rngout | Array containing all output ranges meters APMINIT CSC
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Table 26. FILLHT SU input data element requirements. (Continued)

Name Description Units Source

list Range set at 2.5 km to begin calculation of RO meters APM_MOD
values

Or5 75% of maximum propagation angle in PE radians APMINIT CSC
calculations

tyh Adjusted height points of sampled terrain profile meters TERINIT SU
at every PE range step

Viref Ground elevation height at the source meters APMINIT CSC

Table 27. FILLHT SU output data element requirements.

Name Description Units

hlim Array containing height at each output range separating the RO region from meters
the PE (at close ranges) and XO (at far ranges) regions

htfe Array of height values at each output range separating the PE region from meters
the RO region
ihmx Output range step index where height ht;,,, is reached in array hlim N/A

5.1.10 Gaseous Absorption (GASABS) SU

The purpose of the GASABS SU is to compute the specific attenuation based on
air temperature and absolute humidity. This SU is based on CCIR (International
Telecommunication Union, International Radio Consultative Committee, now the ITU-R)
Recommendation 676-1, “Attenuation by Atmospheric Gases in the Frequency Range

1-350 GHz.”

The oxygen absorption for 15°C air temperature is computed from

2
7,=107(t, + 1, + 0.00719)(%) ,

where fyz 1s the frequency in MHz and the temporary variables #; and ¢, are given by

6.09

2
(f MHz ) + 0227
1000.

L =

b

4.81

2
(fMHZ—SIOJ +1.50

t,=

1000.
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A correction is made for the oxygen absorption for the actual air temperature,
which is given by

y, = (10 + 001{z, - 150}) 7,

where 2, s the surface air temperature in degrees C.

The water vapor absorption is computed from

um

2
(0.05 + 0.0021abs,,, + t, + t, + Q)(ljggﬁj abs,

Yw = 100000

where the temporary variables #,, ¢, and ¢; are given, respectively, by

o 36
| 2 >
(fMHZ—22.2j + 85
1000.
o 10.6
2 2 ’
(fM”Z — 183.3) + 9.0
1000.
and
89
t, =

. .
(fMHZ - 325.4) + 263
1000.

The total specific absorption for sea-level air in dB/km multiplied by a conversion
factor to convert to dB/m is given by

gasutt :(yo +yw ) 10_3 ‘

Table 28 and Table 29 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the GASABS SU.
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Table 28. GASABS SU input data element requirements.

Name Description Units Source

absy,m | Absolute humidity near the surface g/meter3 Calling CSCI
itz Frequency MHz Calling CSCI
tair Air temperature near the surface °C Calling CSCI

Table 29. GASABS SU output data requirements.

Name Description Units

9aSa Gaseous absorption dB/m

5.1.11 Get Effective Earth Radius Factor (GET_K) SU
The purpose of the GET K SU is to compute the effective earth radius factor and

the effective earth radius. The computation is made for a launch angle of 5° if the SU is
called from the APMINIT CSC. If called from the TROPOINIT SU, then the
computation is made for a launch angle equal to the critical angle.

Upon entering the SU, internal one-line ray trace functions are defined as

RADA1(a,b)=a’ +2g b,

RP(a,b):a+i,
grd

for general parameters a, b, and refractivity gradient g,,.

The starting launch angle a,,, for tracing a ray to determine the effective earth
radius is initialized to the critical angle a.,.

If the SU is called from the APMINIT CSC (iy = 0), then a is re-initialized to
5°. If running the airborne model, then the beamwidth and antenna elevation angle are
taken into account and the starting angle is initialized according to

a = MINlMAX(astart 9 /ubwr + Iulim )’ 100 J ’

start
where

).

w,, =MIN(10°,

ILl()V
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If a terrain profile has been specified (f,., = ‘.true.’), then ay,,, is set equal to

a.,,=MIN(.5a,,,,10°).

start start ®

If using the airborne or full hybrid modes, or if calling from the TROPOINIT SU,
then the following steps 1 through 4 are performed to compute the effective earth radius
from the antenna height up to height 4z,

1. The propagation angle, range, and height at the start of the ray trace step are
initialized to d@yq, 0., and ant..;, respectively. The current refractivity level i is also
initialized to iy

2. The following steps 2a through 2c¢ are performed for an upward ray until it has
reached the last height in the refractivity level or At;;,, whichever comes first.

a. The gradient g,, is set equal to grdum;. The propagation angle a; and range | at
the end of the trace step are computed as

a, =\/RADA (ay htdum..,—h,),
h :RP(FO d;—d, )

b. ao, 1o, and hy are now set equal to the values of a;, 1, and htdum;.;, respectively.
If hy 1is greater than ht;,, then the integer flag ig,, is set equal to 1, and the
propagation angle a; at ht;, is computed:

a, =\/RADA 1(a,, ht,, — htdum. )

lim
A temporary maximum propagation angle @, is then set equal to a;.

c. The current refractivity level i is incremented by 1. If one of the conditions in
step 2 has been met, then the SU proceeds to step 3; otherwise, steps 2a through
2c are repeated.

3. If ho is less than ht;, and ig,e is equal to 0, then propagation angle a; at At, is re-
computed as

a,=/RADA 1(ay, ht,, —h, ) ,

and the variable @5, 1s then set equal to a;.
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4. The propagation angle and range a; and r; are now re-computed from

a, =\/RADA l(a0 Shidum,,,, —h, ),
h :RP(VO sd, =4, )’

and the effective earth radius a., the effective earth radius factor e;, and twice the
effective earth radius, twoka are given by

_ h
a, = ’
al - astart
twoka=2a,,

e, =6.37%x10"°a,,.

If using the airborne hybrid model and the calling SU is the APMINIT CSC, then
twice the effective earth radius factor is computed for a downward ray where the initial
launch angle is -ay,,,. Steps 1 through 2a are repeated with a; negative, i decremented by
1, and Atdum;; replaced with htdum;. Finally, the variable twoka ., 1s computed from

2r

w — 1
Okadown - >
a, +a

start
and @5 is determined from

@75 =MAX (@7511 > astart ) .

Table 30 and Table 31 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the GET K SU.
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Table 30. GET_K SU input data element requirements.

Name Description Units Source
Acrit Critical angle (angle above which no rays are radians REFINIT SU
trapped)
8launch Launch angle used which, when traced, radians GETTHMAX SU
separates the PE and XO regions from the RO
region
ant.er Transmitting antenna height relative to the meters TERINIT SU
reference height hinser
Hor Antenna pattern elevation angle radians APMINIT CSC
frer Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:

“true.’ = terrain profile specified
‘false.’ = terrain profile not specified

grdum | M-unit gradient array (M-unit/ REFINIT SU
meter)
hmref Height relative to hnter meters TERINIT SU
htdum | Height array for current interpolated profile meters REFINIT SU
htjim User-supplied maximum height relative to hpnter, meters TERINIT SU
i-e-, htlim =hmax‘ hminter
inybrid Integer indicating which sub-models will be used: N/A APMINIT CSC

0 = pure PE model
1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)

forg Integer flag indicating origin of calling SU N/A APMINIT CSC
1 = called from TROPOINIT SU
Istart1 Refractivity level index within htdum at ant ¢ N/A REFINIT SU
Iviep Number of refractivity levels in profile htdum, N/A REFINIT SU
refdum
Yiref Ground elevation height at the source meters APMINIT CSC

Table 31. GET_K SU output data element requirements.

Name Description Units
ek Effective earth radius meters

ex Effective earth radius factor N/A
Oy 75% of maximum propagation angle in PE calculations radians
twoka Twice the effective earth radius meters
twokaqown | Twice the effective earth radius for downward path meters
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5.1.12 Get Alpha Impedance (GETALN) SU

The purpose of the GETALN SU is to compute the surface impedance term in the
Leontovich boundary condition and the complex index of refraction for finite
conductivity. The implementation of these impedance formulas follow Kuttler and
Dockery 's method (Ref.8).

Upon entering the SU, the smooth surface impedance term, ¢, is computed from
the complex dielectric constant nc” and free-space wave number £, , for both vertical and

horizontal polarization, by

ah:ikm/ncfg—l,

2
nce; —1
g

o, =ik,

2
ne;
4

where i is the imaginary number v—-1 .

If rough surface calculations are required (ruf = ‘.true.’) and a non-zero grazing
angle y exists for the current range step, then the rough surface reflection coefficient, 7,
is determined from referencing the GETREFCOEF SU and the surface impedance is re-
computed as

a, =ik, SINWI_—F”’V,
’ + hyv

where the subscripts 4,v indicate horizontal and vertical polarization quantities,
respectively.

If using the central difference algorithm (i, = 1), the following steps 1 through 2
are performed to compute constants and variables for subsequent use in the MIXEDFT
Su.

1. The determination of the complex root, Ry, of the quadratic equation for the mixed
transform method is based on Kuttler’s formulation

R, =— 1/l.0+(oc WAz pp )2 —a,z,, for horizontal polarization,
R,=1.0+(, 4z, )’ —a, 4z, for vertical polarization

2. Next, the array rn is determined according to
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rm,=R;. i=1,2,.. .ngp

Several parameters used in the central difference algorithm are now computed:

P
¢ (1 +rn, )(1 - rn,f”Z ),
SN,
z
C]x:e PE ,

2
LN(R; )i
idrp \/koz‘{(T)mj
_ Azpg

If using the backward difference algorithm (i,;; = 2) Rris computed as

R, = (1 + ah,vAZPE )>

the array rn is computed as in step 2 above and the parameter cmf?, is computed using the
same equation for C;, in step 2 above.

Table 32 and Table 33 identify, describe the purpose for, state the units of, and

show the computational source for each input and output data element, respectively, of
the GETALN SU.

Table 32. GETALN SU input data element requirements.

Name Description Units Source
Arpp PE range step meters APMINIT CSC
Az Bin width in z space meters FFTPAR SU

PE
falg Integer flag indicating which DMFT algorithm is N/A APMINIT CSC
being used:

0 = no DMFT algorithm will be used
1 = use central difference algorithm
2 = use backward difference algorithm

Counter indicating current ground type being N/A APMINIT CSC
modeled PESTEP SU
Polarization flag: N/A Calling CSCI

0 = horizontal polarization
1 = vertical polarization

Free-space wave number meters” APMINIT CSC
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Table 32. GETALN SU input data element requirements. (Continued)

Name Description Units Source
nc? Array of complex dielectric constants N/A DIEINIT SU
Ny Transform size N/A FFTPAR SU

17 Grazing angle radians Calling SU
r Current calculation range meters Calling SU
ruf Logical flag indicating if rough sea surface N/A APMINIT CSC
calculations are required
‘true.” = perform rough sea surface calculations
‘false.” = do not perform rough sea surface
calculations

Table 33. GETALN SU output data element requirements.

Name Description Units
Oy v Surface impedance term for horizontal and vertical polarization N/A
Cix Constant used to propagate c,s by one range step in central difference N/A

algorithm
Coy Constant used to propagate c,, by one range step in central difference N/A
algorithm

cmft, Constant used to propagate cmft by one range step in backward N/A

difference algorithm
Ry Coefficient used in ¢,; and ¢y, calculations. N/A
m Array of Ry to the /" power (e.g., rn; = Ry) N/A
Rr Complex root of quadratic equation for mixed transform method based N/A

on Kuttler's formulation

5.1.13 Get Grazing Angle (GETGRAZE) SU

The purpose of the GETGRAZE SU is to compute grazing angles at each PE
range step via ray trace and spectral estimation for subsequent use in rough sea surface
calculations. This SU is referenced only if rough surface calculations are required (ruf =
‘.true.’)

Upon entering the SU, the RDTRACE SU is referenced to determine the grazing
angles ¥, from ray trace.

If a terrain profile has been specified (f; = ‘.true.”) and a surface-based duct has
been specified (/4 = ‘.true.’), then the grazing angles wpr are computed from spectral
estimation of the near-surface PE field by running the PE algorithm out to the maximum
range 7,4y, assuming horizontal polarization and smooth surface conditions (i.e., no wind
speed).
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First, the array wpg is allocated for size of ipr — equal to the number of PE range
steps required to propagate the field out to 7,,,,. The array is initialized to zero, with the
first element initialized to /2 radians. The current PE range r and PE integer step ipgq,
are then set equal to zero, with the terrain height y,,, at the previous range step set equal
to tyhy if a terrain profile has been specified, or 0 otherwise. An iterative DO WHILE
loop is then begun to advance the PE solution such that for the current PE range, a PE
solution is calculated from the solution at the previous PE range. This iterative procedure
is repeated in the DO WHILE loop until  is greater than 7,,. The following steps (1
through 5) are performed for each PE range step within the DO WHILE loop.

1. The current PE calculation range r is incremented by one PE range step, Ar,., and

the PE range step counter ipgg, 1s incremented by 1. The range at which interpolation
for range-dependent refractivity profiles is performed, 7,4 is also incremented by
one-half the PE range step.

2. If performing a terrain case (f,, = ‘.true.’), the ground heights, y., and y.,», at range
r and 7,4, respectively, are determined according to

Yew =1V b ?
Yeum =0 (ly h irgy -1 T Y eur )

If y.u, 1s less than ., the DOSHIFT SU is referenced to adjust the PE field relative
to the terrain height.

The PE field array U is now propagated in free space one range step by referencing the
FRSTP SU.

If the APM CSCI is being used in a range-dependent mode (i.e., the number of profiles
Npror 18 greater than 1), or a terrain profile is specified, the REFINTER SU is referenced to
compute a new modified refractive index profile, profint, adjusted by the local ground
height y.,» at range r,,;. A new environmental phase array, envpr, based on this new
refractivity profile is then computed from

i Arpg profint; |

envpr; =e s J=L2,. np
envpr, = filt, envpr;;  j=nsy, n3gtl, n3t2, .ong

]

3. The complex field U is now multiplied by the environmental phase array for all bins
from 0O through ng-1.
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4. Next, if a terrain profile has been specified and the terrain slop is positive (v, >
Vewrm), the DOSHIFT SU is referenced to adjust the PE field relative to the terrain
height.

5. The SPECEST SU is then referenced to determine the grazing angle @, and this
angle is stored in array Wpg. If no terrain has been specified and the range is greater
than the horizon range r,,, then the grazing angle stored is the smaller of the tangent
angle ac,; or U,

Finally, i,pe, the number of grazing angles computed, is initialized to ipr and the
SU is exited.

Table 34 and Table 35 identify, describe the purpose for, state the units of, and

show the computational source for each input and output data element, respectively, of
the GETGRAZE SU.

Table 34. GETGRAZE SU input data element requirements.

Name Description Units Source
Acut Tangent angle from antenna height to radio horizon radians PEINIT SU
ant.e Transmitting antenna height relative to the reference meters TERINIT SU
helght hminter
Arpg PE range step meters PEINIT SU
Arpes Y2 PE range step meters PEINIT SU
filt Cosine-tapered (Tukey) filter array N/A PEINIT SU
frer Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:

‘.true.” = terrain profile specified
‘false.’ = terrain profile not specified
hirap Height of the highest trapping layer from all refractivity meters REFINIT SU
profiles
Inybrid Integer indicating which sub-models will be used: N/A APMINIT CSC
0 = pure PE model

1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)

ipe Number of PE range steps N/A PEINIT SU

Luct Logical flag indicating if surface-based duct profile has N/A REFINIT SU
been specified
‘true’. = surface-based duct exists
‘false.” = no surface-based duct exists

lovap Logical flag indicating if evaporation duct profile has N/A REFINIT SU
been specified

‘.true’. = evaporation duct exists
‘false.” = no evaporation duct exists

Ny Transform size N/A FFTPAR SU
N3y %4 Ny N/A PEINIT SU
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Table 34. GETGRAZE SU input data element requirements. (Continued)

Name Description Units Source

Ngy Ya Ngy N/A PEINIT SU

Nprof Number of refractivity profiles N/A Calling CSCI

Thor Radio horizon range meters PEINIT SU

Fmax Maximum specified range meters Calling CSCI

Omxg Maximum PE calculation angle for spectral estimation radians APMINIT CSC
of grazing angles

tyh Adjusted height points of sampled terrain profile at meters TERINIT SU
every PE range step

Table 35. GETGRAZE SU input data element requirements.

Name Description Units

WpE Array containing grazing angles computed from spectral estimation of PE radians
field

Wray 2-dimensional array containing grazing angles and corresponding ranges radians,
computed from ray trace meters

Ierror Integer variable indicating error number for ALLOCATE and N/A
DEALLOCATE statements

igpE Number of grazing angles computed from spectral estimation N/A

Igrz Number of grazing angles computed from ray trace N/A

5.1.14 Get Maximum Angle (GETTHMAX) SU

The purpose of the GETTMAX SU is to perform an iterative ray trace to
determine the minimum angle required (based on the reflected ray) in obtaining a PE
solution. The determination of this angle depends on the particular mode of execution.
For full and partial hybrid modes, a ray is traced up to a height that exceeds at least 20%
above the maximum terrain peak along the path or the highest trapping layer specified in
the environment profiles, whichever is greater. Heights and angles of this ray are stored
at each output range. The maximum PE propagation angle, 6,,,,, is then determined from
the local maximum angle of the traced ray. For the full hybrid mode, the minimum PE
propagation angle is required to meet the following criteria: (1) the top of the PE region
must contain all trapping layers for all refractivity profiles; (2) the top of the PE region
must be at least 20% higher than the highest peak along the terrain profile; and (3) the
minimum PE propagation angle must be at least as large as the grazing angle of the
limiting ray Wi .

First, four in-line ray trace functions are defined for general parameters a, b, c,
and g,4:

RADA 1(a,b)=a’+2g,,b,
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RP(a,b):a+i,
grd
AP(ap)=a+bg,, ,

2 2
b'—c

HP(a,b,c)=a+
2grd

The first parameter to be determined is the minimum PE angle limit a;,. The
parameter to be determined later, ©,,,, must be at least this value. The initial estimate of
Amiim 18 glven by

—fMH:z —/MH: —fmHz

i = 37541 +4.331e 2484 11,42 267 4 4091e 249

If the DMFT algorithm is required based on the specified inputs, the antenna height is
greater than 5 meters, or the frequency is greater than 15 GHz, then a,;, is decreased by
.

If the central difference DMFT algorithm will be used, then a,,, is adjusted to
accommodate low antenna heights according to

am,im:MAX(am,im,SIN_l[ A B
2ant,,

A multiplicative height factor 4, is determined to ensure clearance of the ray path

for low antenna heights over large terrain elevations:

h =MIN| .2, |
MAX (1v,,1)

If Ay, is less than .1, then it is set equal to 0. It is then increased by 1.

Several constants needed in subsequent steps in this SU are determined. An
initial estimate of the launch angle aj e, 1s initialized to ¢, the elevation angle of the
RO limiting ray. If using the full hybrid mode, then aj,c» 1s set equal to the negative of
Qlaunch- The maximum height to trace to, zj, 1s set equal to ht;,-m-IO'5 , and the range step,
A¥yemp, for subsequent ray tracing is given by 7,,,,/200. The terrain elevation height at the
source, Vs, 1S initialized to #y; provided APM is running in a full hybrid mode and #y; is
greater than zero; otherwise, y,, is initialized to 0.
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An iterative ray trace to determine the launch angle a;,.., and subsequently 6,
is then begun. The following steps steps 1 through 3 are performed until a ray has been
safely traced from height ant,.rto zjim.

1. At the start of the ray trace, the current local angle (ao), range (), height (4), and
refractive gradient index (j) are initialized to djaunch, 0, ant., and igq-1, respectively.
The counter index, kt, for the terrain profile arrays #x and #y is initialized to one. The
variable r,, the current output range to trace to, is set equal to zero. The following
steps 1.a through 1.d are then performed for each ray trace step from 1 to i.emp.

a. First, 7, is incremented by Ary,,. Now the following steps 1 through vii are
performed until 7y reaches 7,

il.

1il.

1v.

V1.

The range at the end of the ray trace step, 7| is set equal to r,, and the current
refractive gradient g, is set equal to grdum;

The angle at the end of the trace, a;, is then given by
a, = AP(a,.n —1,)

If a; is of the opposite sign of ay, then a; is set to zero, and r; is given by
o= RP(rO, a, — ao).

The height at the end of the ray trace 4 is given by
h = HP(hy, a,a,).

If a; is positive and /; has reached or surpassed the next height level, then a;,
r1,J, and hy, are found as follows. First, 4, is set equal to htdum;,;, and a; and
ry are given by

a, = RADA(ay,h — hy)
no= RP(rO,a1 - ao)

The index j is incremented by one, and the height, /4;, at the end of the ray
trace step is given by the smaller of h#;;, or htdum;.

However, if either of the conditions for a; and 4; in step v are not met, and a;
is less than or equal to 0, then 4, is set equal to y,, if the calculated value in
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b.

step iv is less than y,. If the calculated value of 4; in step iv is less than
htdum;, then h; is set equal to htdum;, and j is set equal to the maximum of 0
or j-1 . The variables a; and r| are then determined from

a,=-/RADA1(a,, h, —h,)
n :RP(Voaal _ao)

vii. If the ray has hit the surface and is reflected, which would be the condition for
which 4, is set equal to y,, in step vi, then a; is set equal to minus a;, W, 1s set
equal to aj, the range, 7., (at which loss values from the PE model will start
being calculated) is set equal to 7|, and the height A4, is set equal to y,,. The
variable Ay, is used for subsequent initialization of ray tracing to fill in array
him. In preparation for the next ray trace step, 4o is set equal to 4, ry is set
equal to 71, and ay is set equal to a;. If the range 7 is greater than 7y, then the
current iteration is exited and the SU proceeds to step b; otherwise, steps i
through vii are repeated until 7, reaches 7.

If running a terrain case (f., = ‘.true.’), at the end of the ray trace for the current
step a check is made to see that the current height of the ray is at least 20% higher
than the current terrain height. The counter Az is determined such that ry > #x1
and kt < iy, If using the partial hybrid mode and range ry is less than 5 km, then
the clearance height of the terrain, y,, at the current range for the traced ray, is
given by

yn :hmt [lykt +Sl[)kt (r0 - txkt )] .

If the previous conditions are not met, then 4,, in the above equation is replaced
with the constant 1.2.

The ending angle, range, and height for each ray trace step is now stored in arrays
raya, rtemp, and htemp, respectively.

Now, if running a full hybrid case (inria = 1), a test is made to determine if both
ho 1s less than y, and if 7y is greater than ry,,. If these conditions are true, then the
flag 7, 1s set equal to 1. If the case is not a full hybrid case and if 4 is less than
Vn, then iy, 1s set equal to 1. Finally, if A is greater than or equal to Zjms; OF Zgui
equals 1, then the current iteration is exited and the SU proceeds to step 2;
otherwise, the steps 1.a through 1.d are repeated.

If the iteration defined by steps 1.a through 1.d has been prematurely terminated
(iqui=1), then the initial elevation angle ajuunch 1 decreased by 107 radians for the full
hybrid case (insri=1), and 1s increased by 10'3, otherwise. If the previous iteration
has not been prematurely terminated (i,,;;=0), the SU continues with step 3.
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3. If height zj;,, is reached, then an initial launch angle (i.e., ray) has been found with all
traced heights, ranges, and angles stored. The integer flag to continue ray tracing, 7,4y,
is set to equal 1 to terminate the iterative loop, and the index iy, indicating the
range step at which z;,, is reached, is set equal to the range step index i (the range
step index counter in the iterative loop defined by steps 1 through 3.

The remaining elements from ipmey tO Tremp 10 arrays htemp, rtemp, and raya are
filled with the values g, 74y, and ao, respectively. Next, the index iy, is set equal to the
minimum of ijmax OF irsemp.

The variable ©,,, is found for the PE region based on the local ray angles just
determined for the particular ray traced. First, the index i,, at which the local ray angle
becomes positive (i.e., raya;,, ) is determined. If i, equals i, this indicates that no PE

calculations are required for the specific geometry, in which case the flag nopg is set
equal to 1, &s is set equal to @miim, Fpes: 15 set equal to 7ax, Ziim 1S set equal to Aty;,, and the
SU is exited . Otherwise, several variables are next initialized. The local indices, i,; and
iflag, plus the variables zj;,, and @ .., are each set equal to zero. The variable @ . 1s the
maximum local angle along the traced ray up to height z;;, with a minimum limit of @,

The variable ©,,, is then found from an iteration performed on the local angle
and height at which the local maximum angle is reached. The following steps 1 through
6 are performed while the flag i, is 0.

1. The height in the PE region that must be reached for the hybrid model is z,,. The
first occurrence of htemp; that is greater than z, is found and the index iy, is then set
to the smaller of the index j where this occurs or #j,y-

2. The angle ayycy 1S now initialized to raya;. The maximum angle in raya is then
found looking only at elements from raya, to raya; and @y, 18 set equal to this

angle.

3. Gmxewr 1S NOW set equal to the maximum of @uim and ayew. The variable ajepp, 1S now
set t0 @myewr divided by 0.75. If using the partial hybrid mode (iyprii=2), Zies: 1S glven
by

12h,,,.,10°).

test test? ~* termax ¥

Z,.. = MAX (antref ,h

4. A reference is then made to the FFTPAR SU to determine new values for zss, Zmax
Azpg, Ing, and ng using the inputs: [nyin, Ay Qremp, and iggg.

5. After the reference to the FFTPAR SU is made, if iz, = 0 it is set equal to 1. In
addition, if not running a full hybrid case, i, is set equal to 1. However, if after the
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reference to the FFTPAR SU is made, i34, 1S equal to one, and if the case is not a
partial hybrid case; the iterative height tolerance 7o/ is given by

test Zlim |

z

tol =

test

A test is then made to determine whether this value of 7o/ is less than or equal to z,,
the height tolerance for Newton’s method. If it is, then the index iy is set equal to
one.

6. Now zj;, 1s set equal to z, and if iy 1s 0, steps 1 through 6 are repeated. Otherwise,
the SU proceeds to the next step.

The variable &5 1s now set equal to @myeur, and B,y 1s set equal to djemp. The
variable /ng; 1s then adjusted such that for every 5° in @5, it is increased by 1.

Next, the TRACE ROUT SU is referenced to trace the ray to each output range
step, Aryy, storing heights in array Alim. If running in a full hybrid mode, the ray is
traced from starting angle, range, and height equal t0 Wi, 7pesr, and hyes, respectively.
Otherwise, the starting angle, range, and height are equal to djumen, 0, and ant..
respectively.

Before exiting, all elements of Alim corresponding to ranges less than 7. are set
equal to Vs

Table 36 and Table 37 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the GETTHMAX SU.
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Table 36. GETTHMAX SU input data element requirements.

Name Description Units Source
i Elevation angle of the RO limiting ray radians Calling SU
antp Transmitting antenna height above local ground meters Calling CSCI
ant Transmitting antenna height relative to hpyjnter meters TERINIT SU
funz Frequency MHz Calling CSCI
fior Logical flag indicating if terrain profile has been N/A TERINIT SU

specified:

‘.true.” = terrain profile specified
‘false.’ = terrain profile not specified

grdum M-unit gradient array (M-unit/ REFINIT SU
meter)
htdum Height array for current interpolated profile meters REFINIT SU
Ntermax Maximum terrain height along profile path meters Calling SU
Ntest Minimum height at which all trapping refractivity meters Calling SU
features are below
htlim User-specified maximum height relative to hinser meters TERINIT SU
ihybrid Integer indicating which sub-models will be used: N/A APMINIT CSC

0 = pure PE model
1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)
falg Integer flag indicating which DMFT algorithm is N/A APMINIT CSC
being used:

0 = no DMFT algorithm will be used

1 = use central difference algorithm

2 = use backward difference algorithm

irtemp Temporary number of range steps (used for ray N/A APM_MOD
tracing)
Istart1 Refractivity level index within htdum at ant,.¢ N/A REFINIT SU
ltpa Number of terrain points in used internally in arrays N/A APMINIT CSC
tx and ty
A Wavelength meters APMINIT CSC
Inmin Minimum power of 2 transform size N/A APMINIT CSC
Nrout Integer number of output range points desired N/A Calling CSCI
It Maximum range at which the terrain profile remains meters Calling SU
flat from the source
Fmax Maximum output range meters Calling CSCI
rngout Array containing all desired output ranges meters APMINIT CSC
ruf Logical flag indicating if rough sea surface N/A APMINIT CSC

calculations are required
‘true.” = perform rough sea surface calculations
‘false.” = do not perform rough sea surface

calculations
sip Slope of each segment of terrain N/A TERINIT SU
tx Range points of terrain profile meters TERINIT SU
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Table 36. GETTHMAX SU input data element requirements. (Continued)

Name Description Units Source
ty Adjusted height points of terrain profile meters TERINIT SU
Yirer Ground elevation height at source meters APMINIT CSC
Ziim Height limit for PE calculation region meters APMINIT CSC
Ziest Height in PE region that must be reached for hybrid meters Calling SU
model
Zto) Height tolerance for Newton’s method meters APMINIT CSC

Table 37. GETTHMAX SU output data element requirements.

Name Description Units
8launch Launch angle used which, when traced, separates PE and XO regions radians
from the RO region
hlim Array containing height at each output range separating the RO region meters
from the PE (at close ranges) and XO (at far ranges) regions
htemp Heights at which ray is traced to every range in rtemp meters
iap Index indicating when the local ray angle becomes positive in array raya N/A
- Return error code N/A
Ing Power of 2 transform size, i.e., nfﬂ=2'”fft N/A
nopg Integer flag indicating if PE calculations are needed: N/A

0 = PE calculations needed
1 = no PE calculations needed

Wi Grazing angle of limiting ray radians
raya Array containing all local angles of traced ray alaunch at each iemp radians
range
Ioest Range at which loss values from the PE model will start being meters
calculated
rtemp Range steps for tracing to determine maximum PE angle meters
Orax Maximum propagation angle in PE calculations radians
Oy 75% of maximum propagation angle in PE calculations radians
Zmax Maximum height in PE calculation region meters

5.1.15 Grazing Angle Interpolation (GRAZE_INT) SU

The purpose of the GRAZE INT SU is to interpolate for each PE range step
grazing angles computed from both ray trace and spectral estimation. Those angles from
ray trace take precedence.

Upon entering the SU, the grazing angle array ¥ is allocated for size ipr and
initialized to 0, with the first element initialized to '2m radians. Several variables are next
initialized. The variable » which is the range to interpolate to, is initialized to Arpg. The
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range - at which the spectrally estimated angles were computed in the GETGRAZE SU
is initialized to Arg,-.

If a surface-based duct has been specified, no evaporation duct exists, and the
range 7y, 1S greater than the horizon range 7,., then a check is made for the possible
existence of a skip zone produced by a surface-based duct. If one exists, then the
spectrally estimated grazing angles will be included in the interpolation algorithm for
those ranges beyond the start of the skip zone. The check for a skip zone is done by
performing an iterative loop on the ranges 7, corresponding to the grazing angles in ¥;,,.
For those ranges beyond 7y, the maximum difference between successive ranges in 7,4y, 1S
determined according to

¥y = Maximum of (rmy/_+1 — Ty, ); forj=k-1,k, ...ig1,

where £ is the first element in 7,,, corresponding to the first range beyond 7. If 7y 18
greater than 5 km, then a skip zone is assumed to exist and the range per at which
spectrally estimated grazing will be included in the interpolation algorithm is set equal to
the minimum of 7y, OF 7nq, Where 7,4 1s the first range point in 7,4, just beyond the skip
zone. If no skip zone exists, then per is set equal to 7,,. Next, the following steps 1
through 3 are performed for each PE range step i, indexed from 1 to ipg.

1. For range r less than 7y, steps l.a through 1.c are performed; otherwise, the SU
proceeds to step 2.

a. An iterative loop is performed to find £, the element in r,,, corresponding to the
first range point beyond 7y,

b. For kequal to 1 the grazing angle is determined as

2 =‘TAN‘1 (fj
,
r2
S:hmref - yfre{f + antht - 261

ekst
c. For all other values of £, the grazing angle is determined as
¥, =MAX(0, ),

r—r
— Ty
W—WWM+WW{; _ }

r
rayy rayy-
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2. For range r greater than ry,,, an iterative loop is performed to determine the number of
elements icr within array r,,, satisfying the condition rmd < r,,, < rmd+Arpg, where
rmd 1s the range at mid-PE range step. The following steps a through b are then
performed.

a. Ificr is non-zero, then the indices jr/ and jr2 are initialized such that ranges Pray;,,
through Fray;,s satisfies the condition in step 2 and jr2-jrl equals icr. If Fray; s is

greater than range 7, then the grazing angle ¥ is interpolated as

yji = l//my/- +y/my/+l

r
ray ., ray;

where the index j lies between jr/ and jr2 and is defined such that Pray; is the
nearest range point less than » and Prayi g is the nearest range point greater than r.
It Pray; is less than 7, then the grazing angle ¥ is averaged according to

1 Jjr2
V=— .
' (icrj J;ll//./
b. If icr is equal to 0 and r is greater than per then grazing angle ¥ is computed
from interpolation of angles wpy determined from spectral estimation. If no

spectrally estimated angles exist, then ¥ is set equal to 0. If an evaporation duct
profile has been specified, then ¥ is set equal to Yy, -
grz

3. Both rmd and r are then incremented by Arpg.

Once all grazing angles ¥ have been determined, the arrays ¥, and ypg are
deallocated and the SU is exited.

Table 38 and Table 39 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the GRAZE INT SU.
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Table 38. GRAZE_INT SU input data element requirements.

Name Description Units Source
Acut Tangent angle from antenna height to radio horizon radians PEINIT SU
ekt % times mean earth radius meters APM_MOD
anty, Transmitting antenna height above local ground meters Calling CSCI
Algr PE range step used for calculation of grazing angles meters APMINIT CSC
Arpg PE range step meters PEINIT SU
Arpes 2 PE range step meters PEINIT SU
fror Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:
‘.true.” = terrain profile specified
‘false.’ = terrain profile not specified
hmref Height relative to hpnter meters TERINIT SU
ihybrid | Integer indicating which sub-models will be used: N/A APMINIT CSC
0 = pure PE model
1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)
igpE Number of grazing angles computed from spectral N/A GETGRAZE SU
estimation
Igrz Number of grazing angles computed from ray trace N/A GETGRAZE SU
ipe Number of PE range steps N/A PEINIT SU
Tauet Logical flag indicating if surface-based duct profile N/A REFINIT SU
has been specified
‘true’. = surface-based duct exists
‘false.” = no surface-based duct exists
lovap Logical flag indicating if evaporation duct profile has N/A REFINIT SU
been specified
‘true’. = evaporation duct exists
‘false.” = no evaporation duct exists
WpE Array containing grazing angles computed from radians GETGRAZE SU
spectral estimation of PE field
Vriay 2-dimensional array containing grazing angles and radians, GETGRAZE SU
corresponding ranges f,,, computed from ray trace meters
Ifat Maximum range at which the terrain profile remains meters Calling SU
flat from the source
Thor Radio horizon range meters PEINIT SU
Fmax Maximum output range meters Calling CSCI
Viref Ground elevation height at the source meters APMINIT CSC
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Table 39. GRAZE_INT SU output data element requirements.

Name Description Units
Ierror Integer variable indicating error number for ALLOCATE and N/A
DEALLOCATE statements
v Array of interpolated grazing angles at each PE range step radians

5.1.16 Interpolate Profile INTPROF) SU

The purpose of the INTPROF SU is to perform a linear interpolation vertically
with height on the refractivity profile, refref. Interpolation is performed at each PE mesh
height point.

In order to interpolate vertically at each PE mesh height, the following iteration is
performed. The index j is determined such that for every i"™ PE bin, ht; is just greater than
href; and j < nlvl. The interpolated profile profint is then determined from

ht;—href;_, )
profint;=refref ;_, +con(refref s—refref )W; i=1,2,3,.n 4,
i J-1

where the array 4t and constant con have been determined in the APMINIT CSC.

Table 40 and Table 41 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the INTPROF SU.

Table 40. INTPROF SU input data element requirements.

Name Description Units Source
con 10k, meters” | APMINIT CSC
href Heights of refractivity profile with respect to local meters PROFREF SU

ground height
ht PE mesh height array of size ng meters PEINIT SU
Ng Transform size N/A FFTPAR SU
nivl Number of levels in new profile N/A PROFREF SU
refref | Refractivity array M-units PROFREF SU

Table 41. INTPROF SU output data element requirements.

Name Description Units

profint | Profile interpolated to every Azpe in height M-units
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5.1.17 PE Initialization (PEINIT) SU
The purpose of the PEINIT SU is to initialize all variables used in the PE model
for subsequent calls to the PESTEP SU.

Upon entering the SU, several variables are initialized. The following PE
transform variables are computed — the angle (or p-space) mesh size, |:|; the Fourier

transform normalization constant, f,,,,; the angle bin width, 46, and various transform
size factors:

T 2

Ap = z ’ fnorm: 9n34:%nﬁ‘t’
max nfﬁ
Ap
Aﬁzk—, =1y —1, n4=%nﬁft,

o

The ALLARRAY PE SU is then referenced to allocate and initialize all arrays
associated with PE calculations.

Next, the horizon range, ry,,, for O receiver height and the tangent angle, a.,, to
the radio horizon are computed:

r, =4121.81198,/ant,,

a,, =TAN" (—“’"MJ

rhor
A temporary range step variable is computed as

Art=55.67485+3.52969x107r,  —.01122x107°7

max *

Due to numerical constraints, limits will be imposed on the PE range step as follows. If
performing a terrain case, then the PE range step is computed from

Ar,, = MAX (MIN(2k, 422,.,700.), Art).

If 7 (previously determined in the TERINIT SU) is greater than 0, then the temporary
Tx

range step variable r, is given by 7, = , and Arpg is recomputed according to

PE
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d

Ay =NINT(iJrﬁx; for r, <1,

I’ﬁx

Ar,, =—>———; for r, 21.
EONINT(r,)

The variable iz;,. 1s then initialized to 1.
If no terrain profile is specified, then Arpg is given by
Ar,, = MAX 2k, 422, , Art,100.),

with the variable iz;,. initialized to 1 for frequencies greater than 10 GHz, 2 for
frequencies greater than 5 GHz, and 3 otherwise.

If the PEINIT SU has been referenced from the GETGRAZE SU, then the PE
range step (which in this case will be used for calculation of the grazing angle by spectral
estimation) is further modified:

Ary, =MAX(4r,,,150.)—1.
Otherwise, the range step is multiplied by the range step modifier 7.

The number of PE range steps is then computed:

0y =NINT( i J .

Tpg

If a terrain profile has been specified, the terrain elevations at each PE range step
are now interpolated from the user-specified profile and stored in array ¢yvh. The array is
allocated for size ipg, the range 7 is initialized to 0, and the elements in #yh are determined
according to

tyh,=ty, +slp, (r —1x, ); i=1,2yuip,
where 7 1s iArpr and the index k& is determined such that < r < x4 ;.

The filter array, filt, for subsequent filtering of the PE field, is given by
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filt, =Y+ Y, Cos(inlj; i=1,2, 011,

The PE mesh height array /¢ is next given by
ht;=idzpps  i=1,2,05n .

Next, the free-space propagator array frsp is computed for subsequent use in the
PESTEP SU. The propagator term is computed at each PE angle, or p-space, mesh point
using the wide-angle propagator. A filter, or attenuation function (frequently called
“window”), is then applied to the upper 4 of the array corresponding to the highest /4 of
the maximum propagation angle.

The complex free-space propagator phase array frsp is given by

iArPE(V kg ~(jdp)* _koj

fi/'SpJ :fnorme o ] = 0,1,2,..., nf/t .

where i is the imaginary number J=1. The upper "4 of the free-space propagator array is
filtered by a cosine-tapered (Tukey) filter array, filt according to

frspj =ﬁlz‘j_n34 frspj; J = Nayynyy + 1,05, + 2, Ng .

If a simple environmental case has been specified with no terrain and a range-
independent refractivity profile, then the INTPROF SU is referenced for interpolation of
the refractivity at every PE mesh point. The z-space propagator array envpr is then
computed from

idrpg profint; |

envpr; =e ; j=0,1,2,..., Ny,

where i is the imaginary number V-1 and profint is the sampled profile obtained from the
INTPROF SU. The upper 74 of envpr is filtered by a cosine-tapered (Tukey) filter array,
filt, according to

envpr;=filt;_, envpr;s forj=nyy,nyy + 1,03 + 2psny

Finally, the XYINIT SU is referenced to determine the initial PE solution and the
SU is exited.
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Table 42 and Table 43 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the PEINIT SU.

Table 42. PEINIT SU input data element requirements.

Name Description Units Source
anty Transmitting antenna height above local ground meters Calling CSCI
Azpg Bin width in z-space meters FFTPAR SU
itz Frequency MHz Calling CSCI

fror Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:

‘.true.” = terrain profile specified
‘false.’ = terrain profile not specified

Inag Integer flag indicating where in the APMINIT CSC the N/A Calling SU
PEINIT SU is being referenced
0 = called before reference to GETGRAZE SU
1 = called for “real” PE run

Ipl Polarization flag N/A Calling SU
0 = horizontal
1 = vertical
ko Free-space wave number meters” APMINIT CSC
N Transform size N/A FFTPAR SU
Norof Number of refractivity profiles N/A Calling CSCI
Iix Fixed range increment of terrain profile meters Calling SU
Fmax Maximum specified range meters Calling CSCI
Fonuit PE range step multiplication factor N/A Calling CSCI
sip Slope of each segment of terrain N/A TERINIT SU
tx Range points of terrain profile meters TERINIT SU
ty Adjusted height points of terrain profile meters TERINIT SU
Zmax Total height of the FFT/PE calculation domain meters FFTPAR SU

Table 43. PEINIT SU output data element requirements.

Name Description Units
8cut Tangent angle from antenna height to radio horizon radians
Arpg PE range step meters
A6 Angle bin width radians

envpr | Complex [refractivity] phase term array interpolated every Azpe in height N/A

filt Cosine-tapered (Tukey) filter array N/A
Frorm Normalization factor N/A
frsp Complex free-space propagator term array N/A

ht PE mesh height array of size ng meters
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Table 43. PEINIT SU output data element requirements. (Continued)

Name Description Units
iorror Integer variable indicating error number for ALLOCATE and N/A
DEALLOCATE statements
ipe Number of PE range steps N/A
iZjne Integer increment for storing points at top of PE region (i.e., points are N/A
stored at every iz;,; range step)
N3y %4 Neg N/A
ny % Ngy N/A
Nim1 N -1 N/A
Thor Radio horizon range meters
tyh Adjusted height points of terrain profile at every PE range step. meters
u Complex PE field puVim

5.1.18 Profile Reference (PROFREF) SU

The purpose of the PROFREF SU is to adjust the current refractivity profile so
that it is relative to a reference height, y,.. The reference height is initially the minimum
height of the terrain profile. Upon subsequent calls from the PESTEP SU, the refractivity
profile is adjusted by the local ground height at each PE range step.

The reference height y,., depending on the value of i7,g, can be either /- Or the
local ground height above Apinser. If ifag 15 0, the profile arrays refref and href will be
relative to /.- and will also be used to initialize refdum and htdum . 1If i Jag 1s 1, then

the profile arrays refref and href will be referenced to the local ground height. The
parameter /., is the reference height for internal calculations in the APM CSCI of the
complex field U. Both arrays refdum and htdum are dummy arrays containing
refractivity values and height values, respectively, for the currently interpolated profile.

The determination of refref and href proceeds as follows. First, the index n/vl is
initialized to the number of refractivity levels, lvlep, in refdum and htdum; and refref and
href are initialized to zero. Next, a test is made to determine whether the absolute value
of the reference height y,.r is greater than 107 (i.e., is Vrer greater than approximately 0).
If y,or 1s approximately zero, the elements of refref are set equal to the corresponding M-
unit values of refdum, and the elements of /ref are set equal to the corresponding height
values of htdum and the SU is exited.

For the case when y,.is not zero, the following calculations are made. First, the
flag ipmg and the index j are set equal to zero and minus one, respectively. Then, y,.ris
tested to determine if it is below mean sea level. If so, ip,y and j are set equal to one and
zero, respectively. If y,..r1s not below mean sea level, then the refractivity profile level at
which y, is just above is determined. The index j is determined such that
Vyer < htdum ;,, and y, . > htdum; .
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The refractivity at y,.ris now computed from

\ Vg —htdum
/htduij — htdum '

rmu=refdum ; + (refdum 41 —refdum;

If y,.r falls below mean sea level and the extrapolation flag 7., 1s zero, then rmu is given
by

Vyor — htdum
htdum ;. — htdum

rmu=refdum ;+0.118

The first element in refref and href is now set equal to rmu and 0, respectively.
The number of refractivity levels in the arrays is now/,,, =nlvi—j and the remainder of

the current refractivity profile is adjusted in height and stored in refref and href according
to

refref,=refdum,,
href,=htdum; =y, 5 i=1,2,3..,1

new?

where the index £ is initialized to j+1 and is incremented by one with each iteration of i.
The variable n/v/, indicating the number of levels in the newly created profile, is now set
t0 Lo

Finaly, if 7, equals zero, then Iviep is set equal to nlvl and refref and href are

used to initialize refdum and htdum, respectively, before exiting.

Table 44 and Table 45 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the PROFREF SU.
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Table 44. PROFREF SU input data element requirements.

Name Description Units Source
htdum Height array for current interpolated profile meters REFINTER SU
Ioxtra Extrapolation flag for refractivity profiles entered below N/A Calling CSCI

mean sea level
0 = extrapolate to minimum terrain height
standard atmosphere gradient
1 = extrapolate to minimum terrain height using
first gradient in profile
Inag Integer flag indicating height at which to reference the N/A Calling SU
refractivity profile
0 = adjust profile relative to hinter
1 = adjust profile relative to local ground height
above hminter

Iviep Number of height/refractivity levels in profile refdum N/A Calling CSCI
and htdum
refdum | M-unit array for current interpolated profile M-units REFINTER
Yrer Ground elevation height at current range meters Calling SU

Table 45. PROFREF SU output data element requirements.

Name Description Units
href Height array for current interpolated profile meters
htdum Dummy array containing height values for current (horizontally meters

interpolated) profile

Ivlep Number of height/refractivity levels in profile N/A

nivl Number of levels in new profile N/A
refdum | M-unit array for current interpolated profile M-units
refref Refractivity array M-units

5.1.19 RD Trace (RDTRACE) SU

The purpose of the RDTRACE SU is to perform ray traces of many rays launched
within an angle of £4°. All angles from rays striking the surface are then sorted and
stored for subsequent interpolation in the GRAZE INT SU.

Upon entering the SU, four in-line ray trace functions are defined for general
parameters a, b, ¢, and g,;; RADAI1, AP, RP, and HP. These function definitions are
identical to those given in section 5.1.14.

Rays are traced with different angular increments at varying intervals. Angular
increments are determined such that 1500 rays will be traced between the angular interval
+0.5°, 1000 rays will be traced with launch angles between |0.5°| and |6 , and 500
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rays will be traced for angles between | 9,| and | 19mxg|. The angular increments are
computed as

t

ainc, = 1500
ainc, :%,

-6
aine, :—mngSO ! .

where 6, is 1° for ippig equal to 1 and 1.5° otherwise. The maximum number of rays to
trace, 71,4y, 1s then initialized to a large value of 10 times the amount specifed above.

Next, the grazing angle array ¥, is allocated and initialized with the first element
set equal to J2m. The height of the terrain y, at the current traced range step is initialized
to 0, or tyh; if a terrain profile has been specified (f,,=.true.”). The number of grazing
angles iz and the launch angle ajquncn are initialized to 0 and -, respectively. A DO
loop is now implemented where the following steps 1 through 4 are performed an 7,4,
number of times.

1. At the start of the ray trace, the current local angle (ao), range (7o), height (4), and
refractive gradient index (j) are initialized to djaunch, 0, ant.r, and igq.;, respectively.
The terrain slope #uq. of the terrain segment at the current traced range is also
initialized to 0.

2. If the antenna height ant,.ris at an inflection point within the refractivity profile, then
the following steps 2.a through 2.c are performed, otherwise the current range to trace
to, ro, is initialized to 0 and the SU proceeds with step 3.

a. If ap is near zero (i.e., a0| is less than 10'6) and no terrain has been specified
(fre=".false.”), then the grazing angle and range stored is 0 and 7, respectively.
The counter ig,- 1s incremented by 1, the launch angle is incremented by ainc;, and
the SU then repeats steps 1 through 4.

b. If ay 1s near zero and a terrain profile has been specified, then a check is made to
determine if the ray intersects a segment of the terrain profile downrange. If so,
the range at the point of reflection | and the grazing angle are computed as
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h= hy —tyhy_,
yh —tyhy_,
r =k =1)+nlar,

W:TAN—I(th -ty ],

’'pg

where £ is determined such that tyhy_; < hy< tyh;. The reflection range and grazing
angle are then stored, the counter i, is incremented by 1, and the launch angle is
incremented by ainc;. The SU then repeats steps 1 through 4.

c. Ifaois less than 0, the index j is decremented by 1 and the SU proceeds with step
3.

3. Aloop is now begun to trace a ray starting with launch angle a;,,..» to every PE range
step. The current range to trace to, ro, is incremented by Arpr and the following
steps 3.a through 3.h are performed until one of the following conditions are met: ry
reaches ro, hy reaches ht;;,, or the difference in reflection range between consecutive
grazing angles is less than 10~. All references to the index i in the steps below refer
to the index in this loop varying from 1 to the number of PE range steps, ipg.

a. The range r| at the end of the range step and the refractive gradient g,; within the
current range step are initialized to ro and grdum;, respectively. The propagation
angle a; at the end of the range step is computed by AP(a,,1—7,).

b. If | ao | is less than 10°, then if ay and a; differ in sign, a; is set equal to 0 and 7, is
computed from RP( 7y, a;-ap ). The height of the ray at the end of the range step
is next computed by HP( Ao, a1, ap ). If |ag| is greater than 10°, then a; is set
equal to ap and /; is computed as

2
=+ ) TAN ) - CL =0

where twoka is determined in the GET K SU.

c. Once ry, hy, and a; have been computed, it must be determined if the height of the
ray has fallen below the elevation height of the terrain at the current range step.
The following steps 3.c.i through 3.c.iii are performed if a terrain profile has been
specified. Otherwise, the SU proceeds with step 3.d.

1. The height A, of the terrain at range r; is computed as
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— tyhi B lyhi—l

slope —
Arpp

hter :thi—l + [7’1 - (l - 1)AIAPE]Z‘slope

t

it. If Ay is less than A, then the ray has a reflection point and the range and
height of reflection is determined by

h —
1 0 :
Flope = , with7 recomputed as
n—"n
- lyhi—l - hO - tslope (l - 1)AFPE + Fstope0
1= 9
. slope tslope

hl :hO +rslope(r1 —7’0).

iii. If a new range r; and height /#; has been computed, then if |a0 | is less than
10°, then a; is recomputed using AP(ay, 71-r9). If |ag| is greater than 10°,
then a; is set equal to apand /4, is recomputed as

2

By =h e )TAN(a,)- L= R)
1 0+(”1 ”0) (al) woka

. Next, it must be determined if the ray has passed through a refractive layer, in
which case the index must be adjusted and the range, height, and angle must be
computed at the refractive layer transition. For an upward ray, if a; is positive and
h; has reached or surpassed the next height level, then a,, 1, j, and 4, are found
as follows. First, 4 is set equal to Atdum;., j is increment by 1, and a; and r; are
given by

a,=/RADA 1(ay,h, —h,)
| :RP(”O ' _ao)

For a downgoing ray, if a; is less than or equal to 0, and 4, is less than htdum;,
then £, 1s set equal to htdum;, and j is set equal to the maximum of 0 or j-1. The
variables a; and r; are then determined from

a,=—JRADA 1(a,, i, — h,)
h =RP(I’0,al _ao)
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f. If the ray has hit the surface and is reflected, which would be the condition for
which the index j is equal to 0, then the grazing angle and the angle of reflection
with respect to the horizontal are computed as

V= TAN_] (tslope )_ a;
Arer = 2 TAN_] (tslope )_ a; ‘

The range 7, and grazing angle are then stored for later use in the GRAZE INT
SU.

g. In preparation for the next ray trace step, 4o is set equal to Ay, ry is set equal to ry,
and ao is set equal to a,.;. If ag is greater than Jam, or if r; has reached ro, then the
current iteration is exited and the SU proceeds to step 3.h; otherwise, steps 3.a
through 3.g are repeated until 7, reaches ro.

h. The range ro [to trace to] for the next step is incremented by Arpg and step 3 is
repeated for all range steps.

4. Once a ray has been traced through the entire ipr number of range steps, @uunch 18
increased. If |a;mmc;,| is less than 0.5°, the launch angle is increased by aincy;
otherwise, if | a;au,,ch| is less than @, then it is increased by ainc,. If neither of these
conditions are met, then aj,,.c;, 1s increased by aincs. Steps 1 through 4 are repeated
until an 7,,, number of rays have been traced.

Finally, the grazing angles are sorted by range and stored in array ¥, and the SU
1s exited.

Table 46 and Table 47 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the RDTRACE SU.
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Table 46. RDTRACE SU input data element requirements.

Name Description Units Source
ant.or Transmitting antenna height relative to the reference meters TERINIT SU
helght hminter
Arpe PE range step meters PEINIT SU
frer Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:

‘.true.” = terrain profile specified
‘false.’ = terrain profile not specified

grdum | Array of refractivity gradients defined by profile htdum M-units/ | REFINTER SU

and refdum meter
Nmax Maximum output height with respect to mean sea level meters Calling CSCI
htdum Height array for current interpolated profile meters REFINTER SU
htim User-supplied maximum height relative to hyjner, i-€., meters TERINIT SU
htlim =hmax’ hminter
Inybrid Integer indicating which sub-models will be used: N/A APMINIT CSC

0 = pure PE model
1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)

ipg Number of PE range steps N/A PEINIT SU
Istart1 Refractivity level index within htdum at ant,.¢ N/A REFINIT SU
refdum | M-unit array for current interpolated profile M-units REFINTER
Fmax Maximum output range meters Calling CSCI
Onxg Maximum PE calculation angle for spectral estimation radians APMINIT CSC
of grazing angles
twoka Twice the effective earth radius meters GET_KSU
tyh Adjusted height points of sampled terrain profile at meters TERINIT SU

every PE range step

Table 47. RDTRACE SU output data elements requirements.

Name Description Units
igrz Number of grazing angles computed from ray trace N/A
Vray 2-dimensional array containing grazing angles and corresponding ranges radians,

computed from ray trace meters

5.1.20 Refractivity Initialization (REFINIT) SU
The purpose of the REFINIT SU is to check for valid environmental profile inputs
and to initialize all refractivity arrays used within one application of APM.
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Upon entering, the maximum height /¢ at which the refractivity profile is
extrapolated is set to 10° meters in a DATA statement. In addition, i, 1S initialized to
Z€ro.

The environmental data is checked to determine if range-dependent profiles have
been specified (n,.or >1). If so, the range of the last profile entered, rngproﬁ, o

checked and if it is less than the maximum output range specified, r, ., an error message
is returned (i.e., i.0r 1S set equal to -12) depending on the value of error flag, lerr12, set
in the NITES application itself. The SU is then exited; otherwise, if no error occurs, the
SU proceeds to the next step.

Next, the REFINIT SU tests for valid refractivity level entries for each profile.
Every user-specified profile is tested to make sure the first level in the profile begins with
a value of zero height (or less than zero if the first level is below mean sea level). If it
does not, i, 1S set to -13 and the SU is exited; otherwise, the SU proceeds to the next
step.

A test is then made to determine if the last gradient in each profile is negative. If
the last gradient in any profile is negative, 7., 1S set to minus fourteen and the SU is
exited; otherwise, an additional refractivity level is extrapolated to height /... and added
to each profile. The additional level is added according to

hmsl,, .=h

Wip,i large >
I
refmSllvlp,i :refmSllvlp 1,i + grdl:hlarge - hmszlvlp—l,i]
where
refmsl Py —refmsllvlp_z,i
grd=
hmsllvlp_l,i - hmsllvlp_z,i

The counter for the current profile, i, is now initialized to 1 and the range of the
next refractivity profile, rv,, is initialized to rngprofi. Next, the results of the

extrapolation of the first environmental profile (i.e., the profile at range 0) are transferred
to dummy arrays, htdum and refdum, respectively. The index /viep is now set equal to
Ivlp. Duplicate levels in the first profile are removed by a reference to the REMDUP SU,
and refdum and htdum are adjusted to the minimum terrain height by a reference to the
PROFREF SU. The parameter nlvl, returned from the PROFREF SU, is now the number
of height/refractivity levels in the adjusted htdum and refdum arrays.

If troposcatter calculations have been specified (75, = ‘.true.’), then the surface
refractivity at the transmitter snref;, is determined by referencing the PROFREF SU to
adjust the profile relative to ys.rand initializing snref;, to refref,.
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Next, the height and thickness of the highest trapping layer (if one exists), /4
and Apic, Tespectively, are found relative to Apinser. First, hyqp and hyic are initialized to
zero. Then the following steps 1 through 2 are performed for each i™ profile and for each
™ refractivity level.

1. The gradient of the current height/refractivity level grd and its height relative to
Ruminters Bp1, are found from

grd =refmsl .

JHLi
h, =hmsl,  —h

—refmsl;,

J+Li ‘minter
2. If grd 1s negative and hy,; is greater than /., then A, 1s set equal to 4,1, and &,y and
hunicr are determined from

h,y=hmsl,  —h

14

Miik = hpl —h

minter

PO

Next, the index level iy, within the refractivity profile of the antenna height
ant,er 1s determined and the gradient array grdum is computed as

5 1=0,1,2,....0vlep—1.

grdum; =107° refdum,,, — refdum,
l htdum, ., — htdum;

If using the full hybrid mode (ijs-c = 1), then the following steps 1 through 4 are
performed to build arrays associated with ray optics (RO) calculations. Otherwise, the
M-unit value rm;,, at the antenna height is determined from

-6 6
rmy =107 |refdum;  +grdum,; 10 (antref — htdum; )J

and the SU continues with the procedures following step 4.

1. First, the refractivity and height arrays »m and zrt are built. All elements in zr¢ are set
equal to all elements in Atdum. An additional height level, equal to ant,.;, is included
in zrt and the index iy, 1s initialized to that height level which corresponds to ant,..
Array rm is given by

rm; =10"° refdum,, i=1,2,3, . nlvl,

with the refractivity level at height ant,.rinterpolated according to
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rmivmrt +1 rmittart -1
rm;, =rm; (Hant, o —zrt, : - .
Lstart Lstart + ref Lstart ZI"Z‘ — rt
Lstart +1 Lstart -1

The total number of levels /evels in zrt is reduced by 1 since the highest level is not
needed.

For the special case when the terrain profile is initially flat, but at non-zero height, the
following steps 2.a through 2.d are performed to adjust the refractivity arrays »m and
zrt associated with RO calculations. First, the index nlevel is initialized to the number
of refractivity levels, levels; y,.r 1s initialized to tyi; refref and href are initialized to
zero; and the index jis is initialized to -1.

a. Next, js is determined such that zrt, <y, <zrt, . If a value for js is not found

such that this condition holds true (i.e., js remains at -1), then the SU proceeds
with step 2.d.

b. The refractivity at y,.ris now computed from

y ref - Zrtjs
zrt

f;ac -

Js+l - Zrtjs

rmu=rm;;+ f . (rmjﬁl —rmjs).

If INT(f4c) is equal to 1, then js is set equal to js+1. The temporary counter /., is
initialized to nlevel-js.

c. The first element in refref and href is now set equal to rmu and 0, respectively.
The remainder of the current refractivity profile is adjusted in height and stored in
refref and href according to

refref ;=rmy
href ;j=zrty =y, .05 Jj=1,2,3,...1

*“new?

where the index £ is initialized to js+1 at the start and is incremented by one with
each iteration of j. The variable /evels, indicating the number of levels in the
newly created profile, is now set to /,.,,. refref and href are now used to initialize
rm and zrt.

d. The variable iy, is now reduced by the amount js.
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3. The arrays gr and ¢, used in RO and ray-tracing calculations, are determined next.
The gradient array gr is given by

rm.,, —rm,
gr=—" 1. j=0,1,2,..levels,

1
zrt; — zZr;

The array ¢q is given by
g, =2(rm;, —rm.); i=0,1,2,...,levels .

4. The M-unit value rm;,, at the antenna height is now set equal to rm;

start’

Next, the minimum M-unit value rm,,;, of the refractivity at range 0 is determined
by searching for the minimum numerical value in arrray refdum and assigning rm,,;, this
value. The maximum M-unit value rm,, at or below the antenna height is then
determined from

startl *

iy, =MAX(10%rm, , refdum, ), i =0,1,2, i

Both rm,,;,, and rm,,,, are then multiplied by 10°°. If the antenna is within a duct, the flag
Lauee 18 set to “.true.’, and the critical angle a.,, is computed as

Aeir = \/m + 10_6 ,

where 7., 1s the minimum M-unit value in the profile for levels above the height ant,.r.

Finally, a check is made to determine if an evaporation profile exists. This check
is performed only if a range-independent profile has been specified (7, = 1) and if /.4,
is greater than 0. An evaporation duct is assumed to exist if the height at which rm,,;,
occurs is less than 40 meters and if the difference between successive gradients is less
than or equal to 0.1. If these two conditions occur, then the flag /,,,, 1s set to ‘.true.’.

Table 48 and Table 49 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the REFINIT SU.
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Table 48. REFINIT SU input data element requirements.

Name Description Units Source
ant,er Transmitting antenna height relative to the meters TERINIT SU
reference height hinser

fror Logical flag indicating if terrain profile has been N/A TERINIT SU

specified:
‘.true.” = terrain profile specified
‘false.’ = terrain profile not specified
Rminter Minimum height of terrain profile meters TERINIT SU
hmsl 2-dimensional array containing heights with respect meters Calling CSCI
to mean sea level of each profrle Array format
must be hmsl;; = height of i level ij profile; j=1
for range-independent cases
Inybrid Integer indicating which sub-models will be used: N/A APMINIT CSC
0 = pure PE model
1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)
lerr12 User-provided error flag that will trap on certain N/A Calling CSCI
errors if set to “.true.’

Ivip Number of height/refractivity levels in profiles N/A Calling CSCI
nprof Number of refractivity profiles N/A Calling CSCI
refmsl 2-dimensional array containing refractivity with M-unit Calling CSCI

respect to mean sea level of each profrle Array
format must be refmsl;; = M-unit at " level ij
profile; j=1 for range-independent cases

Fmax Maximum range meters Calling CSCI
rmgprof | Ranges of each profile. rngprof; = range of " meters Calling CSCI

profile

Tropo Troposcatter calculation flag: N/A Calling CSCI

‘.false.’= no troposcatter calcs
‘.true.” = troposcatter calcs
ty Adjusted height points of terrain profile meters TERINIT SU
Viref Ground elevation height at the source meters APMINIT CSC
Table 49. REFINIT SU output data element requirements.

Name Description Units
acrit Critical angle radians
agr Intermediate M-unit gradient array, RO region (M-unit/m)10'6

grdum | Array of refractivity gradients defined by profile htdum and refdum M-units/meter

hmsl 2-dimensional array containing heights with respect to mean sea meters
Ievel of each profile. Array format must be hmsl;; = height of " level
ij profile; j=1 for range-independent cases
htdum Height array for current interpolated profile meters
Rinick Thickness of highest trapping layer from all refractivity profiles meters
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Table 49. REFINIT SU output data element requirements. (Continued)

Name Description Units
hirap Height of highest trapping layer from all refractivity profiles meters
Ierror Integer value that is returned if any errors exist in input data N/A

is Counter for current profile N/A
Istart RO height index at antenna height N/A
Istart1 Refractivity level index within htdum at ant,.¢ N/A
Lyuct Logical flag indicating if surface-based duct profile has been N/A

specified

‘true’. = surface-based duct exists
‘false.” = no surface-based duct exists

lovap Logical flag indicating if evaporation duct profile has been specified N/A
‘.true’. = evaporation duct exists
‘false.” = no evaporation duct exists

levels Number of levels defined in zrt, rm, g, and gr arrays N/A
Ivlep Number of height/refractivity levels in profile htdum, refdum N/A
Ivip Number of user-specified levels in refractivity profile (for range N/A
dependent case all profiles must have same number of levels)
nivl Number of height/refractivity levels in profile refref, href N/A
q Intermediate M-unit difference array, RO region M-unit 10°®
refdum | M-unit array for current profile M-unit
refmsl 2-dimensional array containing refractivity with respect to mean sea M-unit

level of each profile. Array format must be refmsl;; = M-unit at i
level off" profile; j=1 for range-independent cases

rm Intermediate M-unit array, RO region M 107
Mpmax Maximum M-unit value of refractivity profile at range 0 meters
Mpin Minimum M-unit value of refractivity profile at range 0 meters

My M-unit value at height ant meters

2 Range of the next refractivity profile meters
snrefy Surface refractivity at transmitter M-unit

zrt Intermediate height array, RO region meters

5.1.21 Remove Duplicate Refractivity Levels (REMDUP) SU

The purpose of the REMDUP SU is to remove any duplicate refractivity levels in
the current interpolated profile. Adjoining profile levels are checked to see if the heights
are within 0.001 meters. If they are, the duplicate level in the profile is removed. This
process continues until all profile levels (/vlep) have been checked.

Table 50 and Table 51 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the REMDUP SU.
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Table 50. REMDUP SU input data element requirements.

Name Description Units Source
htdum Height array for current interpolated profile meters REFINIT SU
REFINTER SU
Ivlep Number of height/refractivity levels in profile N/A REFINIT SU
REFINTER SU
refdum | M-unit array for current interpolated profile M-unit REFINIT SU
REFINTER SU

Table 51. REMDUP SU output data element requirements.

Name Description Units
htdum Height array for current interpolated profile meters
Iviep Number of height/refractivity levels in profile N/A
refdum | M-unit array for current interpolated profile M-unit

5.1.22 Terrain Initialization (TERINIT) SU

The purpose of the TERINIT SU is to examine and initialize terrain arrays for
subsequent use in PE calculations. It tests for and determines a range increment if it is
found that range/height points are provided in fixed range increments. The minimum
terrain height is determined, and the entire terrain profile is adjusted in height so that all
internal calculations are referenced to this height. This is done in order to maximize the
PE transform calculation volume.

First, several variables are initialized. The logical flag, f.,, used to indicate
whether the application at hand is a terrain case, is set equal to ‘.false.” The integer flag,
ierror, that 1s returned if any errors exist in input data, is set equal to zero. The maximum
tangent ray angle, ¢, from source to terrain peak along the profile path is set equal to
zero. The minimum height of the terrain profile, /e, 18 set equal to zero. The
transmitting antenna height, ant,.s; relative to the reference height /- 1s set equal to
antp,. The maximum terrain height, 4.mq, along the profile path is set equal to zero.
Finally, if the number of terrain points i, specified is greater than zero, then f, is set
equal to ‘.true.’.

If performing a terrain case (f,, = ‘.true.’), the following steps (1 through 9) are
performed; otherwise, the SU proceeds to step 10.

1. First, all terrain range points are checked in array ferx to ensure they are steadily
increasing. If they are not, the error flag i..., is set equal to -17 and the SU is exited.
Otherwise, the SU proceeds to step 2.
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2. Next, a test is made to determine whether the first range value is zero. If it is not, the
error flag i, 1s set equal to -18 and the SU is exited. Otherwise, the SU proceeds to
step 4.

3. Next, a test is made to determine if the last range point within the terrain profile
meets or exceeds 7y, If the logical flag /lerr6 is “.true.” and if the condition terx; tp<

Fmax 18 met, then i, is set equal to -6 and the SU is exited; otherwise, the SU
proceeds to step 4.

4. A check is now made to determine if the specified terrain range points are spaced at
fixed increments. In this procedure, three variables, rdifi, 7fac, and rgjgum are
initialized to ferx,-terx;, zero, and rdif;, respectively. The variable rdif; is the
difference between adjacent terrain point ranges. The variable 74, is the ratio
between adjacent terrain point differences. The variable 745 1s the running sum of
adjacent terrain point differences. The final value for rgju, and maximum rj,. are
determined as

rdif, =MAX(1 07, terx,,, — terxl.); i=2,3,4,0i,, — 1

rdif,
rfrac = .
rdif,

Vaitsum = Vdifsum +7/'dlf‘2

where rdif; is set equal to the previous value of rdif, before each subsequent
calculation of a new rdif, and 7. is the maximum of all ratios computed.

5. Ifitis determined that the terrain points are spaced at fixed range increments, then the
range spacing ry, 1s set to this increment. Assuming that the range points are not
equally spaced, 7y is initially set equal to zero. If the value of 7y is less than 1.05,
then 7y, 1s determined from

T difsum
r fix = NINT —1

ltp_

6. The minimum height 4., of the terrain profile is now found and the entire terrain
profile is adjusted by A such that this is the new zero reference. The adjusted
terrain profile is stored in arrays tx and ty (i.e., ty=tery-hy., for all elements in tery) .
Next, the maximum height /4 Of the terrain is also obtained from tery. If hemax
exceeds A,y then i, is set equal to —8 and the SU is exited. Otherwise, the SU
proceeds with step 7.
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7.

10.

An extra point is added to the arrays #x and #y. If #x; » 1s less than 7, then tx; pa 18 set
equal to 7, times 1.1. The input index iy, is the number of terrain points used
internally in arrays #x and #y. If #x; » is greater or equal to 7., then #x; pa is set equal to
i, times 1.1. Finally, the array element #y; pa is set equal to #y; W

The variable ant,.ris set equal to anty, plus ty;. Next, the array of terrain slopes, sip,
and the maximum tangent ray angle, ¢, from the source to the terrain peak along the

profile path are found as follows. The slope, sip;, for each i terrain segment is given
by

slp,=—Fin ~Wi s i=1,2,3,.

- MAX(ex,,, —£x,,107) -

vos Lipg

If the current slope is greater than the slope tolerance of 107 then it is assumed that
the terrain profile is no longer flat at the current range and the variable 7y, 1s set equal
to tx;. Next, if the value of #y; is greater than ant,.; then the maximum tangent angle
o, from the source to each terrain point is calculated as

x;

;—ant
o, = MA){TAN‘I(MH; i=1,2,350p, —1.

After ¢, is determined, 0.5° is added to its value.

If rough surface calculations are required (ruf = ‘.true’.) then a search of the specified
ground types is performed to check if types are other than sea water. If ground types
are other than sea water for the entire range of the terrain profile then rough surface
calculations are turned off by setting ruf equal to ‘.false.” (the APM CSCI only
accounts for rough sea surface effects).

Before exiting, the minimum height Am,. relative to Apiner 1s found from the
difference between the minimum specified output height 4., and hpe~ The
maximum height limit Aty;,, relative to A 1S given by the difference between /.,
and Apiner. 1f the antenna height ant,.r1s greater than hty,,, the error code i s set to
-9.

Table 52 and Table 53 identify, describe the purpose for, state the units of, and

show the computational source for each input and output data element, respectively, of
the TERINIT SU.
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Table 52. TERINIT SU input data element requirements.

Name Description Units Source
anty, Transmitting antenna height above local ground meters Calling CSCI
dielec | 2-dimensional array containing the relative permittivity N/A, Calling CSCl,
and conductivity; dielec,; and dielec,;, respectively. S/m DIEINIT SU
Nmax Maximum output height with respect to mean sea level meters Calling CSCI
Rimin Minimum output height with respect to mean sea level meters Calling CSCI
igrnd Integer array containing ground type composition for N/A Calling CSCI
given terrain profile - can vary with range. Different
ground types are:
0 = sea water
1 = fresh water
2 = wet ground
3 = medium dry ground
4 = very dry ground
5=ice at -1 degree C
6 = ice at -10 degree C
7 = user defined (in which case, values of
relative permittivity and conductivity must be
given).
itp Number of height/range points in profile N/A Calling CSCI
ltpa Number of height/range points pairs in profile tx, ty N/A APMINIT CSC
lerr6 User-provided error flag that will trap on certain errors if N/A Calling CSCI
set to “.true.’
Fmax Maximum output range meters Calling CSCI
ruf Logical flag indicating if rough sea surface calculations N/A APMINIT CSC
are required
“true.’ = perform rough sea surface calculations
‘false.” = do not perform rough sea surface
calculations
terx Range points of terrain profile meters Calling CSCI
tery Height points of terrain profile meters Calling CSCI
Table 53. TERINIT SU output data element requirements.
Name Description Units
oy Maximum tangent ray angle from the source to the terrain peak along radians
profile height
ant.s Transmitting antenna height relative to the reference height h, e, meters
frer Logical flag indicating if terrain profile has been specified: N/A
.true. = terrain profile specified
false. = terrain profile not specified
Ruminter Minimum height of terrain profile meters
hm,ef Height relative to hnter meters
htji, User-supplied maximum height relative to Apinter, i-€., htim=Nmax-Nminter meters
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Table 53. TERINIT SU output data element requirements. (Continued)

Name Description Units
Riermax Maximum terrain height along profile path meters
error Integer value that is returned if errors exist in input data N/A

Iix Fixed range increment of terrain profile meters
slp Slope of each segment of terrain N/A
tx Range points of terrain profile meters
ty Adjusted height points of terrain profile meters

5.1.23 Trace to Output Range (TRACE_ROUT) SU

The purpose of the TRACE ROUT SU is to trace a single ray, whose launch
angle is specified by the calling routine, to each output range. The height of this ray is
stored at each output range for subsequent proper indexing and accessing of the
appropriate sub-models.

Upon entering the SU, four in-line ray trace functions are defined for general
parameters a, b, ¢, and g,;; RADAI1, AP, RP, and HP. These function definitions are
identical to those given in section 5.1.14.

Next, the propagation angle, range, and height at the beginning of the range step,
ao, 1o, ho, respectively, are initialized to a,, 7, and A, — the angle, range and height
specified by the calling SU. The profile index j is also initialized to j; from the calling
SU. The index j, is determined such that rngout; is the first range point greater than ry.

The array harray, containing the heights of the traced ray at each output range, is then set
equal to O for elements 1 through j,. The following steps 1 through 2 are performed for
each output range step i from j, to 7,0

1. First, harray; is set equal to zero and the variable ro is set equal to rngout; . Next, the
r r

following steps 1.a through 1.d are performed until ry has reached ro or Ay has
reached Aty.

a. First, the range, r;, at the end of the ray trace segment is set equal to 7o. Then the
current gradient g4 is set equal to grdum;. The angle, a;, at the end of the ray
trace segment is found from AP(ao, 71-79).

b. If a; is of the opposite sign as ay, then a; is set equal to zero and r| is given by
RP(ry, a1-ap). hy is then given by HP(hy, a1, ay).
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C.

2. Once ry has reached ro, harrayjr is then set equal to .

Now the value of 4 is tested. If the value of 4; is greater than or equal to
htdumj, then A, is set equal to the minimum of h#;;,, or htdum;.,, and ai, r; and the

index j are re-computed as

a,=/RADA 1(ay, hy — h)

h :RP(’”oaal _ao)
j= MIN(Zvlep, j+ l).

If hy is less than htdum;., but greater than Az, then A is set equal to At;, and a;

and 7, are re-computed as in step

1.c above.

The angle, range, and height

variables ay, o, and hy are now set equal to a;, r;, and 4, in preparation for the

next step. Steps 1.a through 1.d are repeated until rp=ro.

The index j, is then

incremented by 1 and steps 1 through 2 are repeated for all output range steps or until
ho has reached At;;,,.

Finally, if the traced ray has reached Az, at a range before r,,,,, then harray is set
equal to hty;, for elements from j,. to n,,,, with the index ij,,, indicating the element in
harray where this occurs, set equal to j,.

Table 54 and Table 55 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the TRACE_ROUT SU.

Table 54. TRACE_ROUT SU input data element requirements.

Name Description Units Source
as Propagation angle for start of ray trace radians Calling SU
grdum | Array of refractivity gradients defined by profile htdum M-units/ | REFINTER SU
and refdum meter REFINIT SU
hg Height for start of ray trace meters Calling SU
htdum | Height array for current interpolated profile meters REFINTER SU
REFINIT SU
htji, User-supplied maximum height relative to hyiner, i-€., meters TERINIT SU
ht/im =hmax‘ hminter
Js Refractive profile index for start of ray trace N/A Calling SU
Ivlep Number of height/refractivity levels in profile htdum, N/A REFINIT SU
refdum
Nrout Number of output height points desired N/A Calling CSCI
rngout | Array containing all desired output ranges meters APMINIT CSC
Is Range for start of ray trace meters Calling SU
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Table 55. TRACE_ROUT SU output data element requirements.

Name Description Units
harray | Array containing heights of traced ray at every output range meters
ihmx Index in harray where traced height has reached ht;;, N/A

5.1.24 Troposcatter Initialization (TROPOINIT) SU

The purpose of the TROPOINIT SU is to initialize all variables and arrays needed
for subsequent troposcatter calculations. The tangent range and tangent angle are
determined from the source and the tangent range and tangent angles are determined for
all receiver heights and stored in arrays.

Upon entering the SU, the array J1¢ is allocated for size ipg and initialized to 0.
Next, the GET K SU is referenced to determine the effective earth radius factor a.; based
on a ray launched at the critical angle traced to ht;,. The array ©0, containing angles
used in determining the common volume scattering angle is then determined from

rngout. .
I:L; for i =1,2,3,...,n

A,

v0

rout *

A constant needed in the troposcatter calculation, 74 is determined from 0.0419
times the frequency fy.. A second constant needed in the troposcatter calculation, ¢, is
found from 7, times the adjusted transmitting antenna height ant... Next, the tangent
angle from the source, ¢}, for smooth surface is computed from

51 = twoka * ant,;

N

Aok

The variable ¢, is determined from

o, =20 LOGIO(f(ad ))

o, =1, +107°

>

where ¢y represents the lowest direct ray angle in the RO region, and f{ &) is the antenna
pattern factor, obtained from referencing the ANTPAT SU, for the direct angle.

The minimum range, 75,1, at which the diffraction field solutions are applicable
and the intermediate region ends is determined for smooth surface and zero receiver
height. The variable 4, is given by
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P 3333
Fhort = yJfWOka *ant,, +230200.0[ Ck ] ,
f

MHz

where ¢y is the effective Earth’s radius factor value obtained from the GET K SU.

Next, the tangent ranges and angles for all output receiver heights are computed
and stored in arrays d2s and ©2s, respectively. The minimum ranges at which diffraction
field solutions are applicable (for smooth surface) for all output receiver heights are
determined and stored in array rdt. Height differences between ant,., and each output
receiver height are also computed and stored in adif. These arrays are given by

d2s, = /2a, zout,,
925, = d2s, ’ .
aek l:O’ 19 29 eoes Nzout

rdt, =r,,., +d2s,

adif,=ant, , — zout,,

where the computation is performed for each i™ output receiver height zout;, provided
zout; s greater than or equal to 0, and i ranges from 1 to 7,

If fi.r 1s “.true.’, then the tangent angles ¢}1¢ from the source at every PE range is
determined as

_ ant o _thj I JArpg
JA g 2a, ’

vt

F=1,2,3, e ips -

The index counter j, (used in the TROPOSCAT SU) is initialized 1. Finally, the
troposcatter loss term t/st,,, used in the TROPOSCAT SU is given by

tlst,, =54.9+30 LOG o (fy. -y -

Table 56 and Table 57 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the TROPOINIT SU.
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Table 56. TROPOINIT SU input data element requirements.

Name Description Units Source
ant e Transmitting antenna height relative to hpnser meters TERINIT SU
vz Frequency MHz Calling CSCI
frer Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:

“.true.’ = terrain profile specified
‘false.’ = terrain profile not specified

ipe Number of PE range steps N/A PEINIT SU

Nrout Integer number of output range points desired N/A Calling CSCI

Nzout Integer number of output height points desired N/A Calling CSCI

rngout | Array containing all desired output ranges meters APMINIT CSC

tyh Adjusted height points of terrain profile at every PE meters PEINIT SU
range step

zout Array containing all desired output heights referenced to | meters APMINIT CSC
hminter

Table 57. TROPOINIT SU output data element requirements.

Name Description Units
8ok Effective earth radius meters
adif Height differences between ant,.s and all output receiver heights meters
d2s Array of tangent ranges for all output receiver heights over smooth meters

surface
ex Effective earth radius factor N/A
jt2 Index counter for tx and ty arrays indicating location of receiver range N/A
rat Array of minimum ranges at which diffraction field solutions are applicable meters
(for smooth surface) for all output receiver heights.
rf Constant used for troposcatter calculations meters”
rt rf multiplied by ant,er N/A
0 Array of angles used to determine common volume scattering angle radians
Vs Tangent angle from source (for smooth surface) radians
o1t Array of tangent angles from source height - used with terrain profile radians
v2s Array of tangent angles from all output receiver heights - used with radians
smooth surface
tist,, Troposcatter loss term used in the TROPOSCAT SU dB

5.1.25 Starter Field Initialization (XYINIT) SU
The purpose of the XYINIT SU is to calculate the complex PE solution at range
zZero.
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Upon entering this SU, several constant terms which will be employed over the
entire PE mesh are calculated. The PE mesh is defined by the number of points in the
mesh, ny, and by the mesh size Ap. The constant terms include : (1) the angle difference
between mesh points in p-space 46, (2) a height-gain value at the source (transmitter)
antk, ; and (3) the normalization factor sg, used in the determination of the complex
array containing the field U. The normalization factor sg, is given by

Sguin -
The height-gain value antk, at the source (transmitter) is given by

antk,=k,ant,,

where anty, is the transmitting antenna height above the local ground in meters.

The complex PE solution U is determined from the antenna pattern factors,
elevation angle, and normalization factor according to

U; = €S guin lf (o, )e "1 — £(- ad)elpjantk"J; H pol
U,=c,s [f(ad)e_'pfamk” + /(- Otd)eipjantk”]; V pol

a® gain
o, =SIN"(p,),
Ca= (1 - pjz' )_%

where p;=;A6 and the antenna pattern factors f{ o) for the direct path and f{-cy) for the
reflected path are determined by referencing the ANTPAT SU. The index j varies from 0
to ng.

it

Next, the upper Y4 of the field is filtered. A cosine-tapered (Tukey) filter array filt
is used for this purpose. The filtered PE field U is given by

U, =filt; 34U ;5 J=n3gony + 1,05 +2,0n 4.

Finally, the DRST SU is referenced for both the real and imaginary components to
transform the complex PE field to z-space before exiting the SU.

Table 58 and Table 59 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the XYINIT SU.
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Table 58. XYINIT SU input data element requirements.

Name Description Units Source
anty, Transmitting antenna height meters Calling CSCI
above local ground
A0 Angle bin width (i.e., incremental radians PEINIT SU
sine(theta))
filt Cosine-tapered (Tukey) filter N/A PEINIT SU
array
Ipol Polarization flag: N/A Calling SU

0 = horizontal polarization
1 = vertical polarization

ko Free-space wave number meters” APMINIT CSC
A Wavelength meters APMINIT CSC
Ing Power of 2 transform size, i.e., N/A FFTPAR SU
nm=2/”fff
N Transform size N/A FFTPAR SU
N34 Y4 Ny N/A APMINIT CSC
Zmax Total height of the FFT/PE meters FFTPAR SU

calculation domain

Table 59. XYINIT SU output data element requirements.

Name Description Units

U Transform of complex field uv/m

5.2 ADVANCED PROPAGATION MODEL STEP (APMSTEP) CSC

The purpose of the APMSTEP SU is to advance the entire APM CSCI algorithm
one output range step, referencing various SUs to calculate the propagation loss at the
current output range.

Upon entering the APMSTEP SU, the current output range r,, is updated, the
gaseous absorption loss, gasi,ss, in dB and all mpfl array integer indices for the various
calculation regions are initialized. The PESTEP SU is then referenced to determine all
propagation loss values within the PE calculation region. If the PE-only option is
specified (PEj,, = ‘.true.’) then mpfl is returned with integer indices j,; and jp.,
corresponding to the start and end, respectively, of propagation factor and loss values
within mpfl. Otherwise, the SU proceeds with the following steps 1 through 3.

1. If APM is executing using the airborne model (i = 0) then the starting index j,
for the airborne region is initialized to the maximum of 0 and i., plus i,. The ending
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index within this region j, is determined by performing an iterative search to find the
index at which the first occurance of zout; is greater than hife; » Jae 18 then set equal to

the index j. The AIRBORNE SU is then referenced to compute the loss for the lower
FE region, provided j,; is less then j,.. Upon returning, j... is then set equal to s, jas
is set equal to j,et+1, je 1s set equal to 7., and the AIRBORNE SU is again
referenced to compute loss for the upper FE region. The SU then proceeds with step
3.

2. If APM is executing under the full hybrid mode (s« = 1) and the current output
range is less than the range at which the XO region begins (7, < 74), the following
steps 2.a and 2.b are performed.

a. The starting and ending mpfl array indices for FE calculations, j; and j,
respectively, are determined. For ranges less than 2.5 km, j is set equal to the
maximum of 0 and i., plus i,, and j is set equal to n.,, . For ranges greater than
2.5 km, js is set equal to the maximum of j,+1, or j+1, where j is the first
occurance of zout; that is greater than hife; » (the output height index which

corresponds to the height just above the FE 5° angle limit). The ending index jz
is set equal to 7n.,,. The FEM SU is then referenced and propagation factor and
loss values within the FE region are computed and returned in mpfl.

b. If the current output range is greater than 2.5 km, then the starting and ending
mpfl array indices for RO calculations, j,s and j,.., respectively, are determined.
These indices are based on the values of j,, jye, j5, and jz such that at every range
step, j» will always be greater than the ending index of the PE region (j,.) and j,.
will be less than the starting index of the FE region (j;). The ROLOSS SU is then
referenced, and propagation factor and loss values within the RO region are
computed and returned in mpfl.

3. Once the various propagation factor and loss within the various regions have been
calculated, the ending index j.,s of valid values within mpfI is given by the maximum

ijpea jfe: jre: andjae~

Upon exiting, if the final output range step has been reached, the integer counter
Jn, associated with troposcatter calculations, is initialized to 1.

Table 60 and Table 61 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the APMSTEP SU.
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Table 60. APMSTEP CSC input data element requirements.

Name Description Units Source
gas.: | Gaseous absorption attenuation rate dB/km GASABS SU
htfe Array containing the height at each output range meters FILLHT SU

separating the FE region from the RO region (full
hybrid mode), or the FE region from the PE region
(partial hybrid mode)
htji, Maximum height relative to hpnser meters TERINIT SU
Inria | Integer indicating which sub-models will be used: N/A GETMODE SU
0 = pure PE model
1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)
A Starting index for mpfl array: N/A Calling CSCI
0 = 1% calculated output point is at surface
1 = 1% calculated output point is at height Az,
Istp Current output range step index N/A Calling CSCI
izg Number of output height points corresponding to local N/A CALCLOS suU
ground height at current output range r,,;
nope | Integer flag indicating if PE calculations are needed: N/A GETTHMAX SU
0 = PE calculations needed
1 = no PE calculations needed
nrout | Integer number of output range points desired N/A Calling CSCI
nzout | Integer number of output height points desired N/A Calling CSCI
PEg.g | Flag to indicate use of PE algorithm only: N/A Calling CSCI
‘true.” = only use PE sub-model
‘false.” = use automatic hybrid model
otz Range at which z;;, is reached (used for hybrid model) meters APMINIT CSC
rngout | Array containing all desired output ranges meters APMINIT CSC
Ipest Range at which loss values from the PE model will start | meters GETTHMAX SU
being calculated
rtst Range at which to begin RO calculations (equal to 2.5 meters APM_MOD
km)
zout | Array containing all desired output heights referenced meters APMINIT CSC

to hminter
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Table 61. APMSTEP CSC output data element requirements.

Name Description Units
Jend Index at which valid loss values in mpfl end N/A
Jstart Index at which valid loss values in mpfl start N/A

gasiss | Gaseous absorption loss at range ro; dB
Jjt2 Index counter for tx and ty arrays indicating location of receiver N/A

range
mpfl | Propagation factor and loss array cB
Fout Current desired output range meters

5.2.1 Airborne Hybrid Model (AIRBORNE) SU

The purpose of the AIRBORNE SU is to determine propagation factor and loss
based on flat-earth calculations for the direct ray path only for regions above and below
the PE maximum propagation angle.

Upon entering the SU, the square of the current range, ry, is initialized to rsgrd; >

Next, the earth curvature height correction factor ry; is initialized according to the
calculation region:

p
r.,=—32_+ abovePE region
sqk k 9

twoka

rsq .

v = —————; below PE region.
sq

twoka,,,,

The following steps 1 through 2 are performed for all heights within array zoutma
with index j varying from j, to je.

1. First, the direct ray angle is computed as

rout

o= TAN_I(Zoutmaj — Togk j '

2. Next, if the direct ray « is greater than the tangent angle ¢, produced from the
antenna height to the current terrain height, or the calculations are for the upper PE
region, then steps 2.a through 2.d are performed.

a. The ANTPAT SU is referenced to obtain the antenna pattern factor f{¢) for the
direct ray.
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b. The path length of the direct ray is then computed:

n= \/(zoutmaj - rsqk)z +ry -
c. The propagation factor (F,z5) and loss (L) are then computed from

L=20 LOGIO (rl )+ plcnst -20 LOGIO (MAX(f(O(), 10_13 ))+ 1 8as .
FdB :20LOG10(7ﬂ1)+plcnst —L.

Note that Fz above is actually 20 times the logarithm of the propagation factor F’
as defined in most text books.

d. Lastly, L and F, are multiplied by 10 and rounded to the nearest integer then
stored in array mpfl. Once the loss has been computed for all heights, the SU is
then exited.

Table 62 and Table 63 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the AIRBORNE SU.

Table 62. AIRBORNE SU input data element requirements.

Name Description Units Source

Olier Tangent angle from antenna height to terrain height | radians CALCLOS SuU
at current range

gas.ay Gaseous absorption attenuation rate dB/km GASABS SU

Inag Flag indicating which portion of the FE region is N/A Calling SU
being computed.
0 = loss is computed for heights above PE region
1 =loss is computed for heights below PE region

lstp Current output range step index N/A Calling CSCI
Jae Ending index within mpfl of FE loss values N/A Calling SU
Jas Starting index within mpfi of FE loss values N/A Calling SU
Fout Current output range meters Calling SU
Plenst Constant used in determining propagation loss dB/m APMINIT CSC
(Plenst = 20 10g10(2 Ko))
rsqrd Array containing the square of all desired output meters? APMINIT CSC
ranges
twoka Twice the effective earth radius meters GETTHMAX SU
twokag,,n | Twice the effective earth radius for downward path meters GETTHMAX SU
zoutma | Array output heights relative to “real” ant, meters APMINIT CSC
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Table 63. AIRBORNE SU output data element requirements.

Name Description Units

mpf] Array of propagation factor and loss uvim

5.2.2 Calculate Propagation Loss (CALCLOS SU)
The purpose of the CALCLOS SU is to determine the propagation factor and loss
at each output height point at the current output range.

Upon entering the SU, several variables are initialized. The output range, 7., is
updated based on the current range step iy,. The height of the terrain at the current and
last ranges, y.; and yj, respectively, are determined relative to the reference height, hm,.r.

Next, the interpolated ground height, z;,, at the current output range and the
number of vertical output points, i.,, that correspond to this ground height are determined.
First, the interpolated ground height is given by

Zint = Viast + (ycur ~Viast )xx

where the parameter xx is given in terms of the PE range step Arpg by

rout — rlust

Ar, PE

XX =

Having determined z is then computed from

int > lzg

Zint — hmref J

out

i =INT(

where Az, is the output height increment. Next, all elements in array mpf! from 1 to i.,
are set to zero, and the index jy,., representing beginning valid loss values in the mpfl
array, is set to the maximum of 0 or i.,, plus i,.

If the airborne model is required (ix4-=0), then the maximum tangent angle e,
from the antenna height to the terrain height at the current range is determined from

2
rout

o =MAX| TAN"' tWOKA gon

ter S Yter |
r out

Zint — antref -

116



where @, in the argument above is the maximum angle computed from previous
references to the CALCLOS SU.

If the current output range is greater than the range 7., at which PE solutions are
valid, then the calculation of loss values is begun. If this condition is not satisfied, then
the mpfl array is set to -1000 for values of the array index from jg, up to and including
the number of output height points desired (7.,), jena 1S set equal to jy, and the SU is
exited.

Once it is determined that loss calculations will be performed, several parameters
are computed. Both parameters i,; and i,, are first set to 0. If the logical variable f, is
‘.true.’, then a terrain case is being performed. The two indices i,; and i, are given by

i, =MAX[0,INT{ L H
Azout

i :MAX{O,INT{MH .
Azout

These indices indicate the first output height point in array zout where propagation loss
will be computed at the last and current PE ranges. Next, the output heights zout;,, and

Zout,-pz, relative to yj,s and y.,, respectively, are checked to make sure they are positive.

If not, the two indices i, and i,, are incremented by a value of 1. For values of the array
index from O up to i,i, the array of propagation factors rfacl at valid height points for
range 7y are set to 0. For values of the array index from O up to iy, the array of
propagation factors rfac2 at valid height points for range r,,, are also set 0.

If jre 15 less than both iy, and iy, then the variable i., is recomputed as

i, =MAX(i_,, MIN(i i, ))

and the mpfl array at index i., is set equal to —999. jy.- is then recomputed as the
minimum of 0 and g, plus i,.

Next, the height/integer value, j.,4 indicating the end of valid loss values, is
determined as
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. Ziim — hmref
j...=MAX| 0, INT| ~im s

out

H if PE 4, i8".true.', otherwise

MIN[Zﬁm,MAX(ZimahlimiS,p )]_hmref H

Fond :MAX(O,NINT{
Az

out

where iy, 1s the current output range step, and hlim,-stp is the height at the current output
range step separating the PE region from the FE, RO, or XO regions. Finally, ... is
given by the minimum of j,,; (as computed above) and 7., If j.,q 1S less than j,,, then
the mpfl array for elements j.,;+1 to 1., is set equal to —1000 and the SU is exited.

The propagation loss values are determined from the propagation factors rfacl;
and rfac2; and from the parameter xx defined earlier in this section. If 7y
(10LOG(x,, )) is greater than zero (it is initialized to O for is,=1), then the GETPFAC

SU is referenced to determine the propagation factor rfacl;, which is given by

rfacl; =GETPFAC(Ulast, Viogist» A2 pp s ZOUL; — ylast), E=10 150+ ey Jong -

where Ulast is the complex field array at the previous PE range. Next, the propagation
factor rfac2; is given by

rfac2; =GETPFAC\U, 1,y , Az ppzout; = v ) 1= 1,05000 +Lyeuss g

where U is the complex field array at the current PE range, and 7,5 1s 10LOG(7).

Next, if using the partial hybrid mode (PE & XO models), heights corresponding
to areas outside the valid PE calculation region are determined and propagation loss is set
equal to -1000 within mpfI for those heights. If using the full or partial hybrid modes, the
propagation factor at the last PE height point is determined at both the previous and
current PE ranges. Linear interpolation is then performed to compute the propagation
loss at range r,,, and height z;,,. The loss and height are then stored in array ffrout for
subsequent interpolation in the EXTO SU.

Next, the propagation factor and loss at range r,, is found by interpolating
between the current and previous PE ranges. The propagation factor in dB, and the
propagation loss at range 7,,, is given by

F g =rfacl, +(rfac2, —rfacl, ) xx

= jstart jstart 1, ... jend
—_ > 9 s 5
l”lOSS,- _fSlist F B

where fsl,-s » is the free-space loss in dB at range 7,,;.
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If the troposcatter calculation flag 7}, is .true.’, then the TROPOSCAT SU is
referenced to compute troposcatter loss from height zout; o zout;,  and this is added,

if necessary, to rloss.

Finally, the gaseous absorption loss gasj,s is added to rloss and the loss and
propagation factor in centibels is given by

mpfl, ;= NINT(10 * rloss, ) o . .
WLpﬂz’,- — NINT(I() % (ﬁlistp _ l"lOSSl- ))7 = starts ]start+la cees Jend

with the remaining elements in mpfl set equal to -1000 (i.e., mpfl;=-1000 for k= j., +1 to
n.0.) before exiting.

Table 64 and Table 65 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the CALCLOS SU.

Table 64. CALCLOS SU input data element requirements.

Name Description Units Source
ant,ef Transmitting antenna height relative to the meters TERINIT SU
reference height hinser
Arpe PE range step meters APMINIT CSC
AZyyt Output height increment meters APMINIT CSC
Azpg PE mesh height increment (bin width in z- meters FFTPAR SU
space)
fsl Free space loss array for output ranges dB APMINIT CSC
frer Logical flag indicating if terrain profile has N/A TERINIT SU

been specified:
.true. = terrain profile specified
false. = terrain profile not specified

9aSioss Gaseous absorption loss at range r,y dB APMSTEP CSC

hlim Array containing height at each output range meters GETTHMAX SU
separating the RO region from the PE (at
close ranges) and XO (at far ranges) regions

hmyes Height relative to hinter meters TERINIT SU

htfe Array containing the height at each output meters FILLHT SU
range separating the FE region from the RO
region (full hybrid mode), or the FE region
from the PE region (partial hybrid mode)

ihmx Index in harray where traced height has N/A TRACE_ROUT SU
reached ht);,
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Table 64. CALCLOS SU input data element requirements. (Continued)

Name Description Units Source
inybrid Integer indicating which sub-models will be N/A APMINIT CSC
used:
0 = pure PE model
1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)
iy Starting index for mpfl array: N/A APMINIT CSC
0 = 1% calculated output point is at surface
1 = 1* calculated output point is at height
Azout
lstp Current output range step index N/A Calling SU
ixo Number of range steps in XO calculation region N/A APMINIT CSC
Nyout Integer number of output height points desired N/A Calling CSCI
PEjag Flag to indicate use of PE algorithm only: N/A Calling CSCI
‘.true.” = only use PE sub-model
‘false.” = use automatic hybrid model
latz Range at which z;, is reached (used for hybrid meters APMINIT CSC
model)
Nast Previous PE range meters Calling SU
Fog 10 log( PE range r) N/A PESTEP SU
Fioglst 10 log( previous PE range fias) N/A PESTEP SU
rngout Array containing all desired output ranges meters APMINIT CSC
Ipest Range at which PE loss values will start being meters GETTHMAX SU
calculated
Tropo Troposcatter calculation flag: N/A Calling CSCI
‘false.’= no troposcatter calcs
‘.true.’ = troposcatter calcs
twokag.,, | Twice the effective earth radius for downward meters GET_KSU
path
U Complex field at current PE range r uVv/m PESTEP SU
Ulast Complex field at previous PE range rj, uVv/m PESTEP SU
Your Height of ground at current range r meters PESTEP SU
Yiast Height of ground at previous range r;.s meters PESTEP SU
zlim Height limit for PE calculation region meters GETTHMAX SU
zout Array containing all desired output heights meters APMINIT CSC

referenced to Apinter
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Table 65. CALCLOS SU output data element requirements.

Name Description Units
Oler Tangent angle from antenna height to terrain height at current range radians
ffrout Array of propagation factors at each output range beyond r, and at dB
height z;,,
izg Number of output height points corresponding to local ground height at N/A
current output range ryy
Jond Index at which valid loss values in mpfl end N/A
Jstart Index at which valid loss values in mpfl begin N/A
mpf] 2-dimensional propagation factor and loss array cB
rfact Propagation factor at valid output height points from PE field at range dB
Tast-
rfac2 Propagation factor at valid output height points from PE field at range r dB
rloss Propagation loss dB

5.2.3 DOSHIFT SU

The purpose of the DOSHIFT SU is to shift the field by the number of bins, or PE
mesh heights corresponding to the local ground height.

Upon entry, the number of bins to be shifted is determined. First, the difference
vai between the height of the ground y, at the previous range and that at the current PE
range y,, 1s determined from

ydlff = ycur - ylast

The number of bins to be shifted, &;,, is found from

PE

k,, = NINTLM]

The PE solution U is then shifted downward if the local ground is currently at a positive
slope (yai7> 0), upward if the local ground is at a negative slope (yajy < 0), and otherwise
not shifted. When the PE solution has been shifted down, the value of the PE solution U
for the upper kp;,, elements are set to zero. Likewise, when the PE solution has been
shifted upwards, the lower k;, elements are set to zero.

Table 66 and Table 67 identify, describe the purpose for, state the units of, and

show the computational source for each input and output data element, respectively, of
the DOSHIFT SU.
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Table 66. DOSHIFT SU input data element requirements.

Name Description Units Source
AZpg PE mesh height increment (bin width in z-space) meters FFTPAR SU
Neg Transform size N/A FFTPAR SU
N1 N -1 N/A PEINIT SU
v Complex field at range r uv/im PESTEP SU
Yeur Height of ground at current range r meters PESTEP SU
Yiast Height of ground at previous range rj, meters PESTEP SU

Table 67. DOSHIFT SU output data element requirements.

Name Description Units

u Complex field at range r uV/m

5.2.4 Discrete Sine/Cosine Fast-Fourier Transform (DRST) SU

A function with a common period, such as a solution to the wave equation, may
be represented by a series consisting of sines and cosines. This representation is known
as a Fourier series. An analytical transformation of the function, known as a Fourier
transform, may be used to obtain a solution for the function.

The solution to the PE approximation to Maxwell's wave equation is obtained by
using such a Fourier transformation function. The APM CSCI uses only the real-valued
sine or cosine transformation in which the real and imaginary parts of the PE equation are
transformed separately. Which transform is performed is dependent on the value of an
integer flag provided by the calling SU. The Fourier transformation provided with the
APM CSCI is described by Bergland (Ref. 1) and Cooley, Lewis, and Welsh (Ref. 2).
The FORTRAN source code is listed in Appendix A.

Other sine/cosine fast-Fourier transform (FFT) routines are available in the
commercial market, and such a sine/cosine FFT may already be available within another
NITES-NC CSCI. The selection of which FFT ultimately used by the APM CSClI is left
to the application designer as every sine/cosine FFT will have hardware and/or software
performance impacts. For this reason, it is beyond the scope of this document to describe
the numerical implementation of the FFT algorithm.

Table 68 and Table 69 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the DRST SU.
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Table 68. DRST input data element requirements.

Name Description Units Source

ifiag Flag to indicate which transform to perform N/A Calling SU
0 = cosine transform

1 = sine transform

-1 = deallocates all allocated arrays

Ing Power of 2 transform size, i.e., nfﬂ=2’”fft N/A FFTPAR SU
X Field array to be transformed - dimensioned 2™ in uv/m | Calling SU
calling SU

Table 69. DRST output data element requirements.

Name Description Units

X Transform of field uV/m

5.2.5 Flat-earth Model (FEM) SU

The purpose of the FEM SU is to compute propagation loss at a specified range
based upon flat-earth approximations. The following steps 1 through 10, are performed
for each APM height output point j from j4 to jr.

1. The receiver height at the jth output point, zout;, is first adjusted relative to the antenna
height for both the direct and reflected ray paths and is also corrected for earth
curvature and average refraction. The receiver heights, z,, and z,, relative to both the
real (direct) and image (reflected) antenna height, respectively, are defined as
follows:

2

r
z,, = zoutma ; — —"—
twoka
2
t
z,=zoutpa ; ——*"—
P 7 twoka

where zoutma; and zoutpa; represent the output height zout; relative to the “real” and
“image” antenna heights, respectively, with respect to mean sea level. twoka is twice
the effective earth radius as calculated in the FILLHT SU.

2. Next, the point or range, of reflection, X,esec, 1S given by

ant,

xreﬂect =7 out
p
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This quantity is used when referencing the GETREFCOEF SU.

. The elevation angles for the direct- and reflected-path rays, ¢, and ¢, , respectively,
are given as

rout

z
a, = TAN‘I(—‘”J

rout

o, = TAN™ (Z—MJ

. The ANTPAT SU is referenced with the direct-path elevation angle to obtain the
antenna pattern factor for the direct-path ray, f{¢;); and with the grazing angle

(opposite of the reflected-path ray angle) to obtain the antenna pattern factor for the
surface-reflected ray, f(- ¢, ).

The path lengths for both the direct-path, ), and surface-reflected path, r,, are
computed from simple right triangle calculations, as

2 2
=4z, +r

m out ?

[ 2 2
= Zp +r.,. -

. The GETREFCOEF SU is referenced with the reflected-path ray angle to obtain the
amplitude, R,.g, and phase angle, ¢, of the surface-reflection coefficient.

. From the two path lengths, the surface-reflection phase lag angle, and the free-space
wave number, k,, the total phase angle is determined as

Q:(FZ_FI)ko +¢.

The square of the coherent sum of both the direct-path ray and surface-reflected path
ray is computed as

fvim :‘f(ad )2 + Rr%lagf(_ a, )2 + 2f(ad )Rmagf(_ a, )COS(‘QX :
The propagation factor in decibels, F 3, is computed as

F3 =10LOG,,[MAX(f2,,10%)).

sum?®
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A limit of -250 dB was put on F;3 to avoid underflow problems.

10. Finally, the propagation factor and loss for the output point zout; is calculated and
rounded to the nearest centibel as

mpfl, ; =NINT(10(L ;, — F +rigas,;))
mpﬂz,j :NINT(IO(Lﬁ - mpﬂl,j ))

where L is the free-space loss term in decibels and is given by

L, =20LOG,(1)+ pl

cnst *

Table 70 and Table 71 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the FEM SU.

Table 70. FEM SU input data element requirements.

Name Description Units Source

ant.or Transmitting antenna height relative to hminter meters TERINIT SU

9aSa Gaseous absorption dB/m GASABS SU
htim Maximum height relative to hminter meters TERINIT SU
stp Current output range step index N/A Calling SU
Jre Ending index within mloss of FE loss values N/A Calling SU
Jrs Starting index within mloss of FE loss values N/A Calling SU
ko Free-space wave number meters” | APMINIT CSC

Plenst Constant used in determining propagation loss (pl.,st dB/m? APMINIT CSC
=20 logio(2 ko))

Fout Current output range meters Calling SU
rsqrd | Array containing the square of all desired output meters®> | APMINIT CSC
ranges
twoka | Twice the effective earth’s radius meters FILLHT SU
zoutma | Array output heights relative to “real” ant,e meters APMINIT CSC
zoutpa | Array output heights relative to “image” ant, meters APMINIT CSC

Table 71. FEM SU output data element requirements.

Name Description Units
Oy Direct path ray angle radians
mpfl | Propagation factor and loss array cB
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5.2.6 Fast-Fourier Transform (FFT) SU

The purpose of the FFT SU is to separate the real and imaginary components of
the complex PE field into two real arrays and then reference the DRST SU to transform
each portion of the PE solution.

For a transform size, ng, the real and imaginary parts of the complex PE field
array U, respectively, are found for the index i from 0 to 7y :

xdum, = REAL( U,)
ydum, = IMAG (U, )

The DRST SU is referenced in turn for xdum and ydum along with Iny;, the power
of the transform size to the base 2. The real and imaginary parts of the resulting
transform arrays are then converted to the complex array U for i equal 0 to ng by

U, = CMPLX (xdum,, ydum,)

Table 72 and Table 73 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the FFT SU.

Table 72. FFT SU input data element requirements.

Name Description Units Source
Ing Power of 2 transform size, i.e., nfﬂ=2’”fft N/A FFTPAR SU
Neg Transform size N/A FFTPAR SU

U Complex field to be transformed uvim Calling SU

Table 73. FFT SU output data element requirements.

Name Description Units

V) Transform of complex field uvV/m

5.2.7 Free-Space Range Step (FRSTP) SU
The purpose of the FRSTP SU is to propagate the complex PE solution in free
space by one range step.

Upon entry the PE field, farray, is transformed to p-space (Fourier space) and its
array elements are multiplied by corresponding elements in the free-space propagator
array, frsp. Before exiting, the PE field is transformed back to z-space. Both transforms
are performed by referencing the FFT SU.
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Table 74 and Table 75 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the FRSTP SU.

Table 74. FRSTP SU input data element requirements.

Name Description Units Source
farray | Field array to be propagated one range step in free uvim Calling SU
space
frsp Complex free-space propagator term array N/A PEINIT SU
Ny N - 1 N/A PEINIT SU

Table 75. FRSTP SU output data element requirements.

Name Description Units

farray Propagated field array uVv/m

5.2.8 FZLIM SU

The purpose of the FZLIM SU is to calculate and store the outward propagation
angle and propagation factor at the top of the PE region for the current PE range. The
following steps 1 through 5 are performed for each reference to the FZLIM SU.

1. The GETPFAC SU is referenced to determine the propagation factor Fp at height
Zlim=Ycur-

2. If this is the first reference to the FZLIM SU (iz = 1), then the GETPFAC SU is
referenced to determine the propagation factor, Fp, at the previous PE range. A
linear interpolation is performed on Fyp and F g to compute the propagation factor
at range r,.. where the XO region begins. The interpolated propagation factor and the
outward propagation angle, Fr,. and a,,., respectively, are stored in array ffacz. Next,
a reference to the SAVEPRO SU is made to store the refractivity profile at the current
range from height z;, to the maximum desired output height.

3. A reference is made to the SPECEST SU to determine the outward propagation angle,
th. The counter iz is incremented, but is limited to iz,,. The propagation factor
Fp, current PE range r, and ¢,,, (with maximum limit of a,.) are stored in ffacz, .,
ffacz, i, and ffaczs ., respectively.

4. 1If iz is greater than 2, then the propagation angle is checked and slightly altered to
avoid extreme spiking when using these angles in the XO region. If f,, is ‘.false.’,
then the angle stored in ffacz is the smaller of ¢}, or the previously stored angle.

127



Now, if f,., is “.false.’, or conversely, if f, is “.true.” AND iz is less than or equal to
10, then the iz™ angle stored is adjusted and given by

Q= Jfaczy;, — ffaczy ;.
faczs ;= ffaczs ;. iMIN((xdl. , 10_4)

where “+” or ‘-* is used depending on the sign of &, .

5. Before exiting, a final reference to the SAVEPRO SU is made to store the refractivity
profile from height z;;,, to the maximum desired output height at the current range.

Table 76 and Table 77 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the FZLIM SU.

Table 76. FZLIM SU input data element requirements.

Name Description Units Source
Qatz Local ray or propagation angle at height z;,, and range radians APMINIT CSC
latz
Arpg PE range step meters APMINIT CSC
AzZpg PE mesh height increment (bin width in z-space) meters FFTPAR SU
frer Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:
.true. = terrain profile specified
false. = terrain profile not specified
iz Number of propagation factor, range, angle triplets N/A APMINIT CSC
stored in ffacz FZLIM SU
iZmax Maximum number of points allocated for arrays N/A APMINIT CSC
associated with XO calculations
r Current PE range meters Calling SU
latz Range at which z;, is reached (used for hybrid model) meters APMINIT CSC
Fast Previous PE range meters Calling SU
Tog 10 logqo( PE range r) N/A PESTEP SU
Fogist 10 logo( previous PE range r.s) N/A PESTEP SU
u Complex PE field at range r uvim PESTEP SU
Ulast Complex PE field at range r,5 uvim PESTEP SU
Yeur Height of ground at current range r meters PESTEP SU
Viast Height of ground at previous range r.s meters PESTEP SU
Ziim Height limit for PE calculation region meters GETTHMAX SU
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Table 77. FZLIM SU output data element requirements.

Name Description Units
ffacz Array containing propagation factor, range, and propagation dB, meters, radians
angle at z;,
iz Number of propagation factor, range, angle triplets stored in N/A
ffacz

5.2.9 Get Propagation Factor (GETPFAC) SU
The purpose of the GETPFAC SU is to determine the propagation factor at a
specified height.

First, linear interpolation is performed on the magnitudes of the PE field at bins &
and k+1 to determine the magnitude p,,¢ of the field at the receiver height, z, :

Puag = |Uk|+ fr(‘Ukn - |Uk|)

where the interpolation fraction f is determined from

Zy

f. = —k; kdzpp <z, <(k+1)Az,,

PE

k = INT( Zr J
AZPE

Pmag 1S constrained to be not less than 107" uV/m. Finally, the propagation factor in dB,
F4p 1s given by

F3 =20LOG,, (MAX(p,,,,, 1072 )+ 7, .

mag ?

Table 78 and Table 79 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the GETPFAC SU.
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Table 78. GETPFAC SU input data element requirements.

Name Description Units Source
AZpe PE mesh height increment (bin width in z-space) meters | Calling SU
Tiog 10 logqo( PE range r) N/A Calling SU
U Complex PE field at range r uv/m Calling SU
z, Receiver height meters | Calling SU

Table 79. GETPFAC SU output data element requirements.

Name Description Units

Fas Propagation factor at specified height z, dB

5.2.10 Get Reflection Coefficient (GETREFCOEF) SU
The purpose of the GETREFCOEF SU is to compute the Fresnel complex
reflection coefficient for a given grazing angle, .

Upon entering, the proper dielectric constant nc; to be applied to the reflected ray

must be determined. A DO WHILE loop is performed on array rgrnd to determine the
index i at which the range X, (range at which ray is reflected) falls between two
consecutive range points in rgrnd. Once this is found, the corresponding dielectric

constant nc; is used in the following equations to compute the reflection coefficient:

o nc,.2 SIN(I//) - \/an - COS? (l//)
ncf SIN(I//)+ \/ncl2 —COS? (l//) ,

- _SIN()- Jnc2 - o8 (v)
" SINW)+ Jnc? —COS*(y)

where Iy and Iy represent the reflection coefficients for vertical and horizontal
polarization, respectively, and nc; is computed in the DIEINIT SU and is given by

nel =g+ j60o .

& and o; are the relative permittivity and conductivity, respectively, to be applied at range
rgrnd;, and A is the wavelength.
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If rough surface calculations are required (ruf = ‘.true.’) the Miller-Brown
roughness reduction factor is computed. Wind speeds specified by the calling CSCI are
allowed to vary with range; therefore, an interpolation is performed to obtain the wind
speed @ at the current range. The sea surface rms wave height is then computed from

2
rufht :rufﬁzca)s ’

and the roughness reduction factor p is determined by

%

p=(3.2xg ~244B2x, -7, +9)_
where

£y = Lot SIN ().

Table 80 and Table 81 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the GETREFCOEF SU.

Table 80. GETREFCOEF SU input data element requirements.

Name Description Units Source

iftag Integer flag indicating what region reflection N/A Calling SU
coefficient is being computed
0 = FE and RO regions

1 = PE region
Igr Number of different ground types specified N/A Calling CSCI
Ipol Polarization flag: N/A Calling CSCI

0 = horizontal polarization
1 = vertical polarization

nc Array of complex dielectric constants N/A DIEINIT SU
Ny Number of wind speeds N/A Calling CSCI
74 Grazing angle radians Calling SU
rgrnd Array containing ranges at which varying ground meters Calling CSCI
types apply.
rngwind | Ranges of wind speeds entered: rngwind, = range meters Calling CSCI

of " wind speed
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Table 80. GETREFCOEF SU input data element requirements. (Continued)

Name Description Units Source
ruf Logical flag indicating if rough sea surface N/A APMINIT CSC
calculations are required
“true.” = perform rough sea surface
calculations
‘false.” = do not perform rough sea surface
calculations
rufee Factor used for wave height calculation meters”’ APMINIT CSC
rufp Sea surface rms wave height meters APMINIT CSC
wind Array of wind speeds meters/sec Calling CSCI
Xrofiect Range at which ray is reflected meters Calling SU
Table 81. GETREFCOEF SU output data element requirements.

Name Description Units
Iy Complex reflection coefficient for vertical (V) and horizontal (H) polarization N/A
Rmag Magnitude of the reflection coefficient N/A

1) Phase of the reflection coefficient radians

5.2.11 Mixed Fourier Transform (MIXEDFT) SU

The purpose of the MIXEDFT SU is to propagate the PE field in free space one

PE range step, applying the Leontovich boundary condition, using the mixed Fourier
transform as outlined by Kuttler and Dockery (Ref.8). For finite conducting boundaries
(i.e., if vertical polarization is specified or rough surface calculations are required) and
the frequency is less than 400 MHz, the central difference form of the DMFT is used. If
the frequency is greater than 400 MHz, the backward difference form of the DMFT is

used.

Upon entering the SU, the first and last elements of the w array wo and wy, are

initialized to 0. If using the central difference form of the DMFT (i, = 1), the following
steps 1 through 6 are performed.

1. The difference field for the vertical PE calculation grid is computed from the PE field

as

U.

~U.. ]
W, =—l il ah,vUi 5 1=1,2,3,00ey n,

2. Next, the FRSTP SU is referenced to transform w to p-space, propagate the field
forward one PE range step, and is transformed back to z-space upon return.
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3. The coefficients used in the central difference form of the mixed transform, ¢y and
2, are propagated to the new range as follows:

Cr1=Cx1 Ciy

Cra=Cpr Gy,

4. The particular solution ym of Kuttler’s difference equation is then computed as
follows:

ym; =28z, W, +Ryw, 15 1=1,2,3,.,n,,
ymy =0,

where Ry is a quadratic root as computed in the GETALN SU.

5. The complex PE field U is then determined from

U, =RT(ym,,_,. —Un_m); i=12,3, ey Mg
U, =0 '

6. The final step in computing the PE field U is
U.=U, +a,m;+brn, (-1)"5 i=0,1,2,.., ng

where
ngl
a,=ck, —R,| LU, + %Unfﬁrnnfﬁ + ZUirn,- ,
‘ ‘ i=1
npi! :
b.=ck,—R, %Uo’””nf,-, + %Unfﬁ + z U, (-1) |.
‘ ) i=1

If using the backward difference form of the DMFT (i, = 2), then the following
steps 1 through 6 are performed.

1. The difference field for the vertical PE calculation grid is computed from the PE field
as

w,=U,-R;U_ 5 i=12,3,..,n,,

133



2. Next, the FRSTP SU is referenced to transform w to p-space, propagate the field
forward one PE range step, and is transformed back to z-space upon return.

3. The coefficient cmft is then propagated forward one range step via
cmft=cmft *cmft, .
4. The particular solution of the field U is now computed from

Ui :Wi + RTUi—l ; l = 1, 2, 3, ceey I’lfﬁ
U, =0.

5. The coefficient a, for the homogeneous solution is determined as

nyi !
a,=cmft— ZU,-rn,- .
i=0

6. Finally, the PE field U for the backward difference DMFT is computed as the sum of
the homogeneous and particular solutions:

Ui=U; +am; i=0,1,2,c,ng.

Table 82 and Table 83 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the MIXEDFT SU.

Table 82. MIXEDFT SU input data element requirements.

Name Description Units Source
Othy v Surface impedance term for horizontal and vertical N/A GETALN SU
polarization
Cix Constant used to propagate c,; by one range step in N/A GETALN SU
central difference algorithm
Cox Constant used to propagate c,, by one range step in N/A GETALN SU
central difference algorithm
ck, Coefficient used in central difference form of DMFT N/A ALN_INIT SU
ck, Coefficient used in central difference form of DMFT N/A ALN_INIT SU
cmft Coefficient used in backward difference form of DMFT N/A ALN_INIT SU
cmft, Constant used to propagate cmft by one range step in N/A GETALN SU
backward difference algorithm
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Table 82. MIXEDFT SU input data element requirements. (Continued)

Name Description Units Source

falg Integer flag indicating which DMFT algorithm is being N/A APMINIT CSC
used:

0 = no DMFT algorithm will be used

1 = use central difference algorithm

2 = use backward difference algorithm

N Transform size N/A FFTPAR SU
Nm1 N1 N/A APMINIT CSC
Ry Coefficient used in C; and C, calculations. N/A GETALN SU
m Array of Rrto the " power (e.g., ;= RT') N/A GETALN SU
Rr Complex root of quadratic equation for mixed transform N/A GETALN SU
method based on Kuttler’s formulation
v Complex field at range r uv/m PESTEP SU

Table 83. MIXEDFT SU output data element requirements.

Name Description Units
cky Coefficient used in central difference form of DMFT N/A
cky Coefficient used in central difference form of DMFT N/A
cmft Coefficient used in backward difference form of DMFT N/A

U Complex field at range r uV/m
w Difference equation PE field array uvim
ym Field from recursion equation for central difference DMFT uvim

5.2.12 Parabolic Equation Step (PESTEP) SU
The purpose of the PESTEP SU is to compute propagation loss at a specified
range based upon the split-step Fourier PE algorithm.

Upon entering the PESTEP SU, if the current output range step, iy, is equal to 1,
the current PE range » and 7, (10 times the logarithm of r) are set equal to zero. The
current PE range step ipgy, 1s also set equal to 0. An iterative DO WHILE loop is then
begun to advance the PE solution such that for the current PE range, a PE solution is
calculated from the solution at the previous PE range. This iterative procedure is
repeated in the DO WHILE loop until  is greater than the output range r,,. The
following steps (1 through 8) are performed for each PE range step within the DO
WHILE loop.

1. First, if the current PE range, r, is greater than zero, then the height of the ground at
the previous PE range y, , is set to the height of the ground at the current PE range

V..- Next, the previous PE range 7y is set equal to the current PE range ». The
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complex PE field, U, of the previous range is stored in array Ulast for subsequent
horizontal interpolation at range 7,,. In addition, r is incremented by one PE range
step, Ar,;. A new rj,, 1s computed and the PE range step ipgy, 1s incremented by one.
Finally, the range at which interpolation for range-dependent refractivity profiles is
performed, 7,4, is also incremented by one-half the PE range step.

. If performing a terrain case (f, is ‘.true.’), the ground heights, y., and y.,», at range
r and 4, respectively, must be determined. 1y, is set equal to the terrain height at

the current PE range step, lyhiPEs pr Yeurm is determined as

Yeuwrm = % (tyhiPEstp—l + Yeur )

If y., is less than yy, then the DOSHIFT SU is referenced to shift the field
accordingly.

. If the APM CSCI is being used in a range-dependent mode (i.e., the number of
profiles n,,.r 1s greater than 1), or if a terrain profile is specified, the REFINTER SU
is referenced to compute a new modified refractive index profile, profint, adjusted by
the local ground height y.,., at range r,,;. A new environmental phase array, envpr,
is re-computed based on this new refractivity profile.

The current PE range is then checked against the range of the current ground type
given by array rgrnd, and, if necessary, the ground type counter i, is incremented.
The GETALN SU is then referenced to compute a new surface impedance ¢, , if
vertical polarization is required or if performing rough surface calculations.

. In order to propagate the field in free space one PE range step, the MIXEDFT SU is
referenced if the DMFT algorithm is required; otherwise, the FRSTP SU is
referenced. The field is then multiplied by the environmental array envpr.

. Next, if the current terrain slope is positive, the DOSHIFT SU is referenced to shift
the field by the appropriate number of bins.

. If XO calculations are to be performed (i,, = 1) and the current PE range is greater

than r,., then the FZLIM SU is referenced to determine and store the outward
propagation angle at the top of the PE region for subsequent use in the EXTO SU.

. Finally, after the output range r,, is reached and the DO WHILE loop exited, the
CALCLOS SU is referenced to obtain the propagation loss values at the desired
output heights at the current output range r,,,;.
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Table 84 and Table 85 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the PESTEP SU.

Table 84. PESTEP SU input data element requirements.

Name Description Units Source
Arpe PE range step meters APMINIT CSC
Arpes Y2 PE range step meters APMINIT CSC

filt Cosine-tapered (Tukey) filter array N/A PEINIT SU
fior Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:
.true. = terrain profile specified
false. = terrain profile not specified
v Array of interpolated grazing angles at each PE range radians | GRAZE_INT SU
step
falg Integer flag indicating which DMFT algorithm is being N/A APMINIT CSC
used:
0 = no DMFT algorithm will be used
1 = use central difference algorithm
2 = use backward difference algorithm
g Counter indicating current ground type being modeled N/A APMINIT CSC
igr Number of different ground types specified N/A Calling CSCI
ipe Number of PE range steps N/A PEINIT SU
Ipol Polarization flag: N/A Calling CSCI
0 = horizontal polarization
1 = vertical polarization
stp Current output range step index N/A Calling SU
Ixo Number of range steps in XO calculation region N/A APMINIT CSC
iz Counter for points stored in ffacz N/A FZLIM SU
iZine Integer increment for storing points at top of PE region N/A PEINIT SU
(i.e., points are stored at every iz;,; range step)
N PE Transform size N/A FFTPAR SU
N3y Y4 Ny N/A PEINIT SU
ny Ya Ney N/A PEINIT SU
Norof Number of refractivity profiles N/A Calling CSCI
PEjag Flag to indicate use of PE algorithm only: N/A Calling CSCI
‘true.” = only use PE sub-model
‘false.’ = use automatic hybrid model
profint | Profile interpolated to every Azpe in height M-units REFINTER SU
otz Range at which z;;, is reached (used for hybrid model) meters APMINIT CSC
rgrnd Array containing ranges at which varying ground types meters Calling CSCI
apply.
rlog 10 log( PE range r) N/A PESTEP SU
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Table 84. PESTEP SU input data element requirements. (Continued)

Name Description Units Source
Fmax Maximum specified range meters Calling CSCI
Fout Current output range meters Calling SU
ruf Logical flag indicating if rough sea surface calculations N/A APMINIT CSC

are required
‘true.” = perform rough sea surface calculations
‘false.” = do not perform rough sea surface

calculations
tyh Adjusted height points of terrain profile at every PE meters PEINIT SU
range step.
U Complex PE field uvim PESTEP SU
Yeur Height of ground at current range r meters PESTEP SU
Yiast Height of ground at previous range rj, meters PESTEP SU

Table 85. PESTEP SU output data element requirements.

Name Description Units
envpr | Complex [refractivity] phase term array interpolated every Azpe in height N/A
g Counter indicating current ground type being modeled N/A
Jend Index at which valid propagation factor and loss values in mpfl end N/A
Jstart Index at which valid propagation factor and loss values in mpfi begin N/A
mpf] 2-dimensional propagation factor and loss array cB
last Previous PE range meters
Fog 10 log (PE range r) N/A
Nogist 10 log (previous PE range rss) N/A
Fmid Range at which interpolation for range-dependent profiles is performed meters
U Complex PE field at range r uV/m
Ulast Complex PE field at range rjas uV/m
Yeur Height of ground at current range r meters
Yeurm Height of ground at range r+Arpg, meters
Yiast Height of ground at previous range f;,s meters

5.2.13 Ray Trace (RAYTRACE) SU

Using standard ray trace techniques, a ray is traced from a starting height ant,.r
and range 0, with a specified starting elevation angle, ¢, to a termination range, x,. As
the ray is being traced, an optical path length difference pl; (the difference between the
actual path length and x,) and a derivative of range with respect to elevation angle, dxd¢,
are being continuously computed. If the ray should reflect from the surface, a grazing
angle, ¥, is determined. Upon reaching the termination range, a terminal elevation angle,
B, is determined along with a termination height, z,
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The raytrace is conducted by stepping in profile levels and computing ending
values. A number of stepping scenarios, based upon starting and ending elevation angles,
determine the program flow of the RAYTRACE SU. These scenarios are a ray that is
upgoing, a ray that is downgoing, and a ray that turns around within a layer.

Upon entering the SU, a running range, x,,,,, the range at which a ray is reflected,

Xreflect, dxd g, plg, W, and a ray type (direct or reflected) flag, are initialized to zero. A

Liyper

temporary beginning elevation angle, a is set equal to ¢, and an environmental profile

start>
level counter, i, is set equal to the array index for the height in the RO region

corresponding to the transmitter height, i,

The sub-steps within the following steps (1 and 2) are now repeated while x,,,,

remains less than the termination range x,. Upon failure to meet this repetition criterion,
the SU program flow continues with step 3 below.

1. The beginning angle a,,,, 1s examined to determine if the ray is initially upgoing (i.e.,
A = 0) or downgoing. If it is upgoing, the SU program flow continues with steps
1.a through 1.e; otherwise the program flow continues with step 2 below.

a. The level counter is examined and if the ray is in the highest layer, (i.e., i = loyer5),
the ending angle, height, range/angle derivative and path length difference are
given as

ﬁ:astart + (xr ~ Xsum )grl ’

ﬁ 2_ aftart

z, =zrt, + ——,
2gr,

dxda:dxdmi(ﬂ— @ J
g’; ﬁ astart

1 2 1
pld :pld +_|:[rmi - Lot J(ﬁ - astart)+ _(ﬁ3 - aAftart ):| ’
ar, 2 3

1

respectively, where gr is an intermediate M-unit gradient, 7m is an intermediate
M-unit, and z7t is an intermediate height. Satisfaction of this condition causes the
failure of the repetition criterion, and the SU program flow continues with step 3
below.
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b. If the ray is not in the highest layer, the ray must be examined to determine if it
will turn around and become a downgoing ray within the current layer. This is
done by looking at the radical term, rad, which will be used in the ending angle
calculation. The radical term is given as

2
rad = Astart + qi

where ¢ is an intermediate M-unit difference. If rad is greater than or equal to
zero, a solution for the ending angle is possible. The ray will not turn around and
the program flow continues with step 1.c, otherwise the program flow continues
with step 1.d.

c. Before calculations can continue, the possible ending range must be compared to
the termination range. This possible ending range is determined as

— " B-ay
temp sum s

&
p=A~rad .

This possible ending range is compared to the termination range, and, if it is
larger, the ending angle, height, range/angle derivative, and path length difference
are computed from equations given in step l.a. Satisfaction of this condition
causes the failure of the repetition criterion, and the SU program flow continues
with step 3 below.

If the ray has not reached the termination range, x,,,, is updated to x,,, ; the
range/angle derivative and path length difference are computed from equations
given in step 1.a, where 8 = rad; Ay, 18 updated to f; the level counter is
incremented by one; and the program flow returns to step 1 above.

d. Ifthe ray has, in fact, turned around within the current layer, a determination must
be made for the ray reaching a full range step within the still upgoing segment, for
the ray reaching a full range step within the downgoing segment, or the ray
exceeding the termination range. The full range step is given by

a
— __ __start
xtemp = Xum s
87

which is compared to the termination range. If it exceeds the termination range,
the ending angle, the ending height, the range/angle derivative, and the path
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length difference are determined from equations given in step 1.a. Satisfaction of
this condition causes the failure of the repetition criterion, and the SU program
flow continues with step 3 below. If the termination range has not been exceeded,
further examination of the ray's segments must be made.

e. At this point, xg,, is updated to x,,,,; X, is recalculated as shown in step 1.d;
and x,,,,, is again compared to the termination range. If the termination range has
been exceeded, the ending angle is given as

ﬁ:('xr = X sum )gl"l,

and the ending height, the range/angle derivative, and the path length difference
are now determined from equations shown in step l.a. Satisfaction of this
condition causes the failure of the repetition criterion, and the SU program flow
continues with step 3 below.

If the termination range has not been exceeded, Xy, is updated to x;,,,; B is
updated to -a,,, ; the range/angle derivative and path length difference are
determined from equations shown in step l.a; ay,,., is updated to f; and the
program flow returns to step 1 above.

2. Note! The equations for the upgoing ray within step 1 above apply equally to the
downgoing ray except where specified otherwise. However, in applying these
equations to step 2, the level counter, i, within the intermediate M-unit gradient sub-
term, gr, must be reduced by one.

The beginning angle ag,,,, has been examined in step 1 above and the ray has been

determined to be initially downgoing. Similar to step 1 above, the ray must be
examined to determine if it has turned around and has become an upgoing ray within
the current layer. This is done by looking at the radical term, rad, which will be used
in the ending angle calculation. This radical term is given as

_ 2
rad = Astart — 9i-1-

If rad is greater than or equal to zero, a solution for the ending angle is possible. The
ray has not turned around and the program flow continues with steps 2.a through 2.c
below, otherwise the program flow continues with step 2.d.

a. Before calculations can continue, the possible ending range must be compared to
the termination range. This possible ending range is determined from the

equation given for X, in step 1.c, where [ is now -+/rad . This possible ending
range is compared to the termination range and if it is larger, the ending angle, the
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ending height, the range/angle derivative, and the path length difference are
computed from equations shown in step 1.a. Satisfaction of this condition causes
the failure of the repetition criterion, and the SU program flow continues with step
3 below.

If the termination range has not been exceeded, x,, is updated to X,,,; the
range/angle derivative and path length difference are computed as shown in step
l.a, where 8 = -+/rad; ay,,, is updated to 3; and the level counter is decremented
by one.

The level counter is examined and if it is zero, the ray has reflected from the
surface. In this case, the ray type flag is set to 1 to indicate a reflection, the
grazing angle is set as = |astart , and Xyefec; 18 set equal to Xy, At this point, a
symmetry check is made. The idea of symmetry says that the ray will return to its
starting height, at twice the reflection range, with an ending elevation angle
opposite the starting elevation angle. Symmetry is used for APM speed efficiency
so as to preclude redundant ray trace calculations on the upward path back to the
starting height. Prior to applying symmetry, however, the possible ending range
(twice x,,,,,,) must be compared to the termination range. If the termination range

is exceeded by making the symmetry assumption, a,,, is updated to -a,,,, and
the assumption is vacated. If not, however, the assumption is invoked and a,,,, is

updated to -o; xg,,, , dxdo, and pl,, are doubled; and the level counter is restored

to i, Control is now returned to the top of step 1 above.

From step 2, the ray has turned around within the current layer and is now an
upgoing ray. Similar to the upgoing case of step 1, a determination must be made
for the ray reaching a full range step within the still downgoing segment, for the
ray reaching a full range step within the upgoing segment, or the ray exceeding
the termination range. The full range step is given by X, as computed step 1.d.

If the full range step exceeds the termination range, the ending angle, the ending
height, the range/angle derivative, and the path length difference are computed
from equations shown in step 1.a. Satisfaction of this condition causes the failure
of the repetition criterion, and the SU program flow continues with section 3
below. If the termination range has not been exceeded, further examination of the
ray’s segments must be made.

At this point, x,,, is updated t0 X, ; X;e, 18 recalculated as in step 1.d, and x,,,,,
is again compared to the termination range. If the termination range has been
exceeded, the ending angle is determined as in step l.e; the ending height,
range/angle derivative, and path length difference are determined as in step 1.a.
Satisfaction of this condition causes the failure of the repetition criterion, and the
SU program flow continues with step 3 below.
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If the termination range has not been exceeded, Xy, is updated to x;,,,; B is
updated to -ay,,, ; the range/angle derivative and path length difference are
determined as in step 1.a; a,,, is updated to 3; and the program flow returns to
step 1 above.

3. Within APM, the terminal elevation angle is not allowed to be equal to zero.
Therefore, if its absolute value is less than 10-10, it is reset to 10-10 while retaining its
present sign.

Table 86 and Table 87 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the RAYTRACE SU.

Table 86. RAYTRACE SU input data element requirements.

Name Description Units Source
o Source elevation angle radians Calling SU
gr Intermediate M-unit gradient array, RO region (M-unit/m)10'6 REFINIT SU
Istart Array index for height in RO region corresponding N/A REFINIT SU
to ant,s¢
levels Number of levels in gr, g and zrt arrays N/A REFINIT SU
q Intermediate M-unit difference array, RO region 2(M-unit)10"6 REFINIT SU
rm Intermediate M-unit array, RO region M-unit 10° REFINIT SU
X, Terminal range - called xgo,in ROCALC SU, meters Calling SU
equivalent to r, in calling SU
zrt Intermediate height array, RO region meters REFINIT SU

Table 87. RAYTRACE SU output data element requirements..

Name Description Units
Jij Terminal elevation angle radians
dxdo Derivative of range with respect to elevation angle meters/radians
ltype Ray type (direct or reflected) flag N/A
ply Path length from range x, meters
7 Grazing angle radians
Xreflect Range at which ray is reflected meters
z, Terminal height meters
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5.2.14 Refractivity Interpolation (REFINTER) SU

The purpose of the REFINTER SU is to interpolate both horizontally and
vertically on the modified refractivity profiles. Profiles are then adjusted so they are
relative to the local ground height .

Upon entry, the number of height/refractivity levels , [vlep, for the current profile
is set equal to the user-specified number of levels for all profiles specified, /vip. For the
range-dependent case, all profiles have the same number of levels.

If there is a range-dependent environment (i.e., 1, > 1), horizontal interpolation
to range 7. 1s performed between the two neighboring profiles that are specified
relative to mean sea level. In this case, the following calculations are made. If 74g 1s
greater than the range for the next refractivity profile rv,, then the index j (indicating the
range of the previous refractivity profile) is set equal to the counter for the range of the
current profile i;; i; is then incremented by one. Next, the range of the previous
refractivity profile 7v; is set equal to 7v,, and v, is set equal to the range of the i,"" profile,
rngprof; . The fractional range fv for the interpolation is given by

fv — range er '
rv, — m

The array refdum, containing M-unit values for the current (interpolated) profile and the
array htdum containing height values for the current (interpolated) profile are determined
from

refdum; = refmsl; ; + ﬁ/(refmsli,is — refmsl; ; ); i=1,2,3,...[viep
htdum;= hmsl; ; + fv(hmsli’,-s — hmsl; ; ); i=1,2,3,...Ivlep

where refims/ and hmsl are 2-dimensional arrays containing refractivity and height,
respectively, with respect to mean sea level of each user-specified profile.

The REMDUP SU is referenced to remove duplicate refractivity levels, with /viep
being the number of points in the profile at range 7,,.. The PROFREF SU is then
referenced to adjust the new profile (i.e., refdum and htdum) relative to the internal
reference height /,inr, corresponding to the minimum height of the terrain profile. The
PROFREF SU is then referenced once more to adjust the profile relative to the local
ground height y_,. , and upon exit from the PROFREF SU, the INTPROF SU is

referenced to interpolate vertically on the refractivity profile at each PE mesh height
point. This results in the ng-point profile array profint containing the interpolated M-unit

values for the refractivity at 7,6, Where ng; 1s the transform size.

Upon exiting the REFINTER SU, rv; and index j are saved for use upon the next
reference of the SU.

144



Table 88 and Table 89 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the REFINTER SU.

Table 88. REFINTER SU input data element requirements.

Name Description Units Source

fior Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:
.true. = terrain profile specified
false. = terrain profile not specified

Rminter Minimum height of terrain profile meters TERINIT SU

hmsl 2-dimensional array containing heights with respect to meters Calling CSCI
mean sea level of each profile. Array format must be
hmsl;; = height of /" level of /" profile. j=1 for range-
independent cases

fs Counter for current profile N/A REFINIT SU
REFINTER SU
stp Current output range step index N/A Calling SU
Ivip Number of height/refractivity levels in profiles N/A Calling CSCI
Nprof Number of refractivity profiles N/A Calling CSCI
Fange Range for profile interpolation meters Calling SU
refmsl 2-dimensional array containing refractivity with respect M-unit Calling CSCI

to mean sea level of each profile. Array format must
be refmsl;; = M-unit at " level of jth profile. j=1 for
range-independent cases

rngprof | Ranges of each profile. rngprof; = range of " profile meters Calling CSCI
vy Range of the next refractivity profile meters REFINIT SU
REFINTER SU
Yeurm Height of ground midway between last and current PE meters PESTEP SU
range

Table 89. REFINTER SU output data element requirements.

Name Description Units
htdum Height array for current interpolated profile meters
is Counter for current profile N/A
Iviep Number of height/refractivity levels in profile refdum and htdum N/A
profint Profile interpolated to every Azp in height M-units
refdum | M-unit array for current interpolated profile M-units

vy Range of the next refractivity profile meters
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5.2.15 Ray Optics Calculation (ROCALC) SU

The purpose of the ROCALC SU is to compute the RO components which will be
needed (by the ROLOSS SU) in the calculation of propagation loss at a specified range
and height within the RO region. These components are the magnitudes for a direct-path
and surface-reflected ray, Fd2 and Fr2, respectively, and the total phase lag angle, Q,
between the direct-path and surface-reflected rays.

The RO region may be visualized as having a grid of points superimposed upon it.
The grid points are defined at the intersection of a series of lines sloping upward from the
origin and a series of vertical lines at varying ranges. The grid point counter £ and the
vertical lines are defined at varying ranges, two of which are represented by the terms
XRop» @ range for which the RO calculations were previously performed, and xp,, the

next calculation range.

The sloping line with the greatest angle (indicated by k = k,,,,) is a function of the

maximum APM output height, /4 adjusted for terrain and reference heights, and the
next calculation range. The sloping line with the least angle (indicated by k = k,,,,) is a

function of the height at the top of the PE region and the range of the previous RO
calculations.

The following steps 1 through 4 are performed while the current range, x, is
greater than xp,,.

1. The terms of Table 90 (defined in Table 91) are initialized or updated based upon the
RO calculation range counter ipp,. If igg, equals -1, the terms are initialized;

otherwise, the terms are updated. It should be noted that the terms must be computed
in the order they appear in the table to ensure proper values are assigned to
component terms.

Table 90. RO region indices, angles, and ranges.

For iROp = -1 (initialize terms) For iROp # -1 (update terms)
irop = 1 irop = 1 - irop
iron =0 iron = 1-iron
N/A XROp = XROn
keminp = ) Kminp = Kminn
kminn = 0 kminn = 0
htydif: htji - Yeief N/A
dor :MIN(%,.OIMSJ N/A
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Table 90. RO region indices, angles, and ranges. (Continued)

ForiROp = -1 (initialize terms) ForiROp # -1 (update terms)
1000 At .

Kimax = 88 k,,. =MIN| 88, INT| ——% |42

xROp
- 001k, B
fracro=0 fracg,=| MA e 5|-1| s for fracg, <.25

N/A Axpo = fracgo Xpop
XRon =X Xgon = Xrop + AXpo

To calculate the RO components at each vertical point for the next range, xz(,,, a ray

trace within a Newton iteration method is used to find a direct-path ray and a surface-
reflected ray which will both originate at the transmitter height, ant,.; and terminate
at the same grid point, z;. The results of the iteration are examined and if either of the

rays has not been found, an adjustment in the lower boundary of the RO region is
made. Following the conclusion of the iterations, the antenna pattern factors for each
ray are obtained, a surface reflection coefficient for the surface-reflected ray is
computed, and the RO components are calculated.

Prior to all calculations for each vertical point, the ray trace must be initialized with
beginning direct-path and surface-reflected ray elevation angles, ¢; and ¢,

respectively; and derivatives of height with respect to these elevation angles, dzdoy,
and dzdc,.. A starting assumption is made that the direct-path ray and the surface-
reflected rays are parallel to each other. Thus, ¢ 1s initialized as 0.001 %,,,, and ¢, is
initialized as -o; . The RAYTRACE SU is referenced separately with ¢; and ¢, to
obtain termination elevation angles, 3, and f,, and the two derivatives of range with
respect to elevation angle, dxda,; and dxdc,., which are used in turn to compute the
needed derivatives of height with respect to elevation angle given as -f; dxdoy and

- dxdao,.
Once the raytrace has been initialized, the following steps 3.a through 3.f are
performed for each vertical grid point, z;, beginning with k& = k,,,. and subsequently

decrementing k downward while £ remains > k,,;,,. Once k has reached zero,
processing continues with step 4 below.

a. The termination height is computed as
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Zr = XROn 0.001 &
where £ is the grid point counter.

The Newton iteration method to find the direct path ray from ant,.rto z; is started.

This iteration is continued until the difference between the ray trace ending height
z; and z;, 1s less than a height difference tolerance z,,;; but in any case, no more

than 10 times. The direct-path elevation angle is given as

Zd —Zk

dZdad

Otd=0!d—

where z; and dzd oy are obtained from the ray trace initialization of step 2 above
for the first iteration and from the previous iteration for subsequent iterations.

The RAYTRACE SU is referenced and a new dzdq is calculated as -f; dxdoy,.
This new dzd oy is examined and if it is less than 109, or if the ray type flag Lype »

returned from the RAYTRACE SU, indicates the ray has reflected, the lower
boundary of the RO region is adjusted by setting £,,,,, equal to one more than £,

and the iteration for the direct ray is stopped.

The Newton iteration method to find the surface-reflected ray from ant,.r to z; 1s

now started. This iteration should be continued until the difference between the
ray trace ending height, z, and z; is less than a height difference tolerance z,,;; but

in any case, no more than 10 times. The reflected-path elevation angle is given as

—a Zp —Zf

, —
dzda,

r

where z, and dzd ¢, are obtained from the ray trace initialization of step 2 above
for the first iteration and from the previous iteration for subsequent iterations.

The RAYTRACE SU is referenced and a new dzde, is calculated as -f3,. dxda,.
This new dzda, is examined and if it is less than 106, or if i, indicates the ray
is a direct ray, the lower boundary of the RO region is adjusted by setting %,,,;,,,
equal to one more than k, and the iteration for the surface-reflected ray is stopped.

A test is made to determine if the grazing angle, v, (returned from the
RAYTRACE SU) is less than the limiting value, ¥, and if so, the lower

boundary of the RO region is adjusted by setting k,,,,,,, equal to k.

inn
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) 2
e. The magnitudes for the direct-path and surface-reflected ray, Fd and Fr
respectively, are now given as

Fd?=|Xron | 2
dzdor, ).
F 2 — xROn R 2
r dzdar [f(a}”) mag] b

where the amplitude of the surface reflection coefficient, R, is obtained from a
reference to the GETREFCOEF SU; the antenna pattern factors f(¢) and f(¢,) are
obtained from references to the ANTPAT SU; and the derivatives of height with
respect to elevation angle are obtained from the RAYTRACE SU within the
Newton iteration of steps 3.b and 3.c above.

f. The total phase lag between the direct-path and surface-reflected rays is computed
as

Q=(pl, - pl, )k, +¢,

where the ray path lengths p/; and pl,. are obtained from the RAYTRACE SU

within the Newton iteration of steps 3.b and 3.c above; the reflection coefficient
phase lag angle, ¢, is obtained from a reference to the GETREFCOEF SU; and £,
is the free-space wave number.

4. If the point counter k has been reduced to zero by the procedures of steps 3.a through
3.f above, the surface values of magnitudes for the direct-path and surface-reflected

rays are both set equal to the last value of Fd2 and the total phase lag between the
direct-path and surface-reflected rays is set equal to m. If vertical polarization has
been specified, then a further calculation is performed for the special case when the
RO output height is less than 0 due to the height adjustment of ys.. A FE calculation
is made at this lowest height and replaces the previous values of magnitudes for the
direct and surface-reflected paths, along with a new phase lag.

Table 91 and Table 92 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the ROCALC SU.

149



Table 91. ROCALC SU input data element requirements.

Name Description Units Source
ant,ef Transmitting antenna height relative to the reference meters TERINIT SU
height hpinter
Upwr Antenna vertical beamwidth radians Calling CSCI
do Vo Upwr radians ROCALC SU
fracro RO range interval fraction (0.0 to 0.25) N/A ROCALC SU
htji, Maximum height relative to hpnter meters TERINIT SU
ht,qir htim = Vet meters ROCALC SU
Ipol Polarization flag: N/A Calling CSCI
0 = horizontal polarization
1 = vertical polarization
iron Array index for next range in RO region N/A ROCALC SU
irop Array index for previous range in RO region N/A APMINIT CSC
ROCALC SU
ko Free-space wave number meters” APMINIT CSC
Kpinn Array index for minimum angle in RO region at range N/A ROCALC SU
XRon
Wi Grazing angle of limiting ray radians APMINIT CSC
twoka Twice the effective earth radius meters GET_K SU
X Current range meters Calling SU
XRon Next range in RO region meters APMINIT CSC
XRop Previous range in RO region meters ROCALC SU
Yirer Ground elevation height at source meters APMINIT CSC
zoutma | Array output heights relative to “real” ant,s meters APMINIT CSC
zoutpa Array output heights relative to “image” ant meters APMINIT CSC
zro Array of output heights meters APMINIT CSC
Ztol Height tolerance for Newton's method meters APMINIT CSC
Table 92. ROCALC SU output data element requirements.
Name Description Units
da Y2 Upwr radians
AXro RO range interval meters
Fd? Magnitude array, direct ray N/A
Fr Magnitude array, reflected ray N/A
fracro | RO range interval fraction (0.0 to 0.25) N/A
htqgi htiim - Vet meters
iron Array index for next range in RO region N/A
irop Array index for previous range in RO region N/A
Kimax Array index for maximum angle in RO region at range Xgon N/A
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Table 92. ROCALC SU output data element requirements. (Continued)

Name Description Units
Knminn Array index for minimum angle in RO region at range Xgon, N/A
Krminp Array index for minimum angle in RO region at range Xgop N/A

Q Total phase angle array radian
XRon Next range in RO region meters
XRrop Previous range in RO region meters

5.2.16 Ray Optics Loss (ROLOSS) SU

The purpose of the ROLOSS SU is to calculate propagation factor and loss values
at all valid RO heights at a specified range based upon the components of magnitude for a
direct-path and surface-reflected ray, Fd2 and Fr2 respectively, and the total phase lag
angle, Q2, between the two rays as determined by the ROCALC SU.

Upon entering the SU, the ROCALC SU is referenced to obtain the current values
of the direct and reflected ray magnitudes, along with the phase lag for all heights at the
specified range 7.

For purposes of computational efficiency, an interpolation from the magnitude
and total phase lag angle arrays established by the ROCALC SU is made to obtain these
three quantities at each APM vertical output mesh point within the RO region.

From the interpolated phase lag angle and ray magnitudes, a propagation factor is
calculated which is used in turn with the free-space propagation loss, to obtain a
propagation loss at each vertical APM output point.

A range ratio term to be used within the interpolation scheme is defined as

r . —X
. RO

RO

The phase lag angle and ray magnitude arrays have been filled at grid points
defined by a series of sloping lines and the next and previous RO calculation range, xz),

and xp),, respectively. Which values to interpolate from are determined by the sloping

line immediately above and the sloping line immediately below the current APM output
point of interest. To begin the calculations, k;, is initialized to %,,,,, the line with the

greatest angle.

The following steps 1 through 4 are now taken, decrementing downward in APM
output points from the maximum output height index in the RO region, j,,,., to the

151



minimum output height index, in the RO region, j,,;, where the index j varies from j,, to

jmin-

1.

Interpolation of Fd2 , Frz, and Q values occurs in two stages. The first stage is
horizontally, above and below the APM output point (i.e., along the lines k;, and k).
These values will be used in turn, in a vertical interpolation stage to obtain values at
the APM output point itself. It may be, however, that more than one APM output
point will fall between two adjacent k lines. In this case, it would be redundant to
perform the horizontal interpolation more than once. For this reason, a temporary &
line counter is established which will be used in comparison with &, to determine if
interpolation is necessary or if the previously interpolated horizontal values may
again be used in the vertical interpolation. This temporary & counter is given by

roul

1000 zro ;
ktemp =INT| ——*

where j is the APM output point counter, and zro; is the ;™ output height point . If
kiemp 18 less than the current k;,, the APM output point occurs below the current lower
k line and horizontal interpolations must be performed using the following steps 1.a
through 1.c; otherwise, the horizontal interpolations are unnecessary and the SU may
proceed with step 2.

a. The lower k line, kj,, 1s reset to kw.mp and the upper k line, &y, 1s set to one more
than %,.

b. In preparation for the interpolation, component terms (horizontal differences of
direct and surface-reflected magnitudes and phase lag angles) along the 4, and 4,
lines are given as

AFdli:Fd;O . —Fd> .

o [ROp ’klo

2 2 2
AFr, =Fr. . — Fr,
RO

n"lo [ROp’kla ’

AQ[O :Qi - Q k

ROn ’klo lROp o’

substituting the index k;; for k;, as appropriate. It should be noted that these
horizontal differences need only be calculated while both k;; and k;, remain
greater than or equal to both k,in, and kyin, . 1If these conditions are not met, any
continued difference calculations would take place within the PE region which
would yield undesirable results. For failure of these conditions, the previously
calculated difference values are used for the lower RO region boundary
calculations.
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c. If kp 1s greater than or equal to k,,;,, , the horizontally interpolated direct and
surface-reflected magnitudes and phase lag angles along the £, line can proceed

in a forward manor (from XRop to rour). These values are given as

Fd. =Fd’ . + ratio AFd,,
ROp°"lo

lo>
2 2 . 2
Fr,=Fr. . +ratio AFr,
ROp°“lo

Q, =Q. + ratio AQ; .
lo lROp ’klo lo

In a like manor, the same three equations above are used to get the values along
the k; line by substituting the index kj;, assuming, however, kj; is also greater

than or equal to k,,;,,. Should either &, or k;; be less than £,,;,,, the interpolation
must proceed in a backward manor (from xz(),, to 7,.,). The above three equations
may again be used by substituting the index iy, for i, and the value (1 - ratio)
for ratio.

2. Once the horizontal interpolation of magnitudes and phase lag angles has been
accomplished, the vertical interpolation of magnitudes and phase lag angles at the
APM output point may proceed as

Fd* = Fd; +ratio, (Fdfi —Fdli),
Fr? =Fr1ﬁ + ratio, (Frhzi - Frli ),

0=0Q, +ratio; (th -0, ),
Where ratio from &, to kj; is

) 1000 zro
ratoy =—————

rout

lo*

3. From the magnitudes of the direct and surface-reflected components and the phase lag
angle, the square of the propagation factor at the APM output point is given as

>

F? :‘ Fd® + Fr? + 2\/‘Fd2Fr2‘COS O

which, in turn, is converted to a propagation factor expressed in decibels by

F,; =10LOG,,[MAX(F?,10%).
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4. Finally, the total propagation loss and propagation factor is computed at the /™ APM
output point and converted to centibels accordingly:

Lyg :fSliS,p — Fyp + 80554 5
Fug :ﬁlis,p —Lyg,

mpfl, ; =NINT(10L,; ),

mpfl, ; =NINT(10F; ),

where fs/; s the free-space loss at the i, % output range.
stp p 'p g

Table 93 and Table 94 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the ROLOSS SU. Table 95 identifies terms which are used internal to the ROLOSS SU
and whose value must be retained from SU call to SU call for reasons of computational
efficiency.

Table 93. ROLOSS SU input data element requirements.

Name Description Units Source
AXro RO range interval meters ROCALC SU
Fd? Magnitude array, direct ray N/A ROCALC SU
Fr Magnitude array, reflected ray N/A ROCALC SU
fsl Free space loss array for output ranges dB APMINIT CSC
gasss | Gaseous absorption loss at range r, dB APMSTEP CSC
iron Array index for next range in RO region N/A ROCALC SU
irop Array index for previous range in RO region N/A ROCALC SU
Istp Current output range step index N/A Calling SU
Jmax Array index for maximum output height in RO region N/A Calling SU
Jmin Array index for minimum output height in RO region N/A Calling SU
Kimax Array index for maximum angle in RO region at range N/A ROCALC SU
XRon
Kuinn Array index for minimum angle in RO region at range N/A ROCALC SU
XRon
Kminp Array index for minimum angle in RO region at range N/A ROCALC SU
XRrRop
Q Total phase angle array radians ROCALC SU
Fout Current output range meters Calling SU
XRop Previous range in RO region meters ROCALC SU
zro Array of output heights in RO region meters APMINIT CSC
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Table 94. ROLOSS SU output data element requirements.

Name Description Units

mpf] Propagation factor and loss array cB

Table 95. ROLOSS SU save data element requirements.

Name Description Units Source
AQ,,; Difference in total phase lag angle along Axro above radians ROLOSS SU
desired APM output point
AQ,, Difference in total phase lag angle along Axgo below radians ROLOSS SU

desired APM output point

AFd? Difference in direct ray magnitude along Axgo below N/A ROLOSS sU
fo desired APM output point

AFd% Difference in direct ray magnitude along Axzo above N/A ROLOSS SU
i desired APM output point

AFr,(Z) Diff(_arence in reflected ray magnitude along Axgo below N/A ROLOSS SU
desired APM output point

AFr2 Difference in reflected ray magnitude along 4xzo above N/A ROLOSS SU
i desired APM output point

5.2.17 Save Profile (SAVEPRO) SU

The purpose of the SAVEPRO SU is to store the gradients and heights of the
current refractivity profile, upon each reference to the FZLIM SU, from the top of the PE
calculation region to the maximum user-specified height.

Upon entering, the current profile height array htdum is searched to find the index
i such that htdum; is the first height in the profile that is greater than the maximum PE
calculation height, z;;,,. The counter /., is then initialized to -1.

Next, the gradients are calculated and stored, along with corresponding heights, as
follows

_refdum,,, — refdum,
- htdum ,, — htdum, ’

gra dl new »iZ

hir, . =htdum,,

where j is incremented by one from i to lviep-1, I, 1s incremented by one with each
increment in j, and iz represents the range step index for XO calculations.
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Before exiting, the last height level in htdum is stored and the final number of
levels, e, in the iz" profile (represented by grad and htr) is stored in array /vi.

Table 96 and Table 97 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the SAVEPRO SU.

Table 96. SAVEPRO SU input data element requirements.

Name Description Units Source
htdum Height array for current profile meters REFINTER SU
iz Number of calculation range steps for XO region N/A FZLIM SU
Iviep Number of height/refractivity levels in profile refdum N/A REFINTER SU

and htdum
refdum | M-unit array for current profile M-units REFINTER SU
Ziim Maximum height in PE calculation region meters FFTPAR SU

Table 97. SAVEPRO output data element requirements.

Name Description Units
grad 2-dimensional array containing gradients of each profile used in XO M-units
calculations /meter
htr 2-dimensional array containing heights of each profile used in XO meters
calculations
vl Number of height levels in each profile used in XO calculations N/A

5.2.18 Spectral Estimation (SPECEST) SU

The purpose of the SPECEST SU is to determine the outward propagation angle
at the top of the PE calculation region or the grazing angle at the lower part of the PE
region based on spectral estimation. The outward propagation angle is used for XO
calculations and the grazing angle is used for rough surface calculations.

Upon entering the SPECEST SU, if the outward propagation angle is to be
determined (i, = 0), the topmost n, points (within the unfiltered portion) of the complex
PE field are separated into their real and imaginary components, xp and yp, respectively.
If the grazing angle is to be determined (iz.e = 1), then the lowest n, points of the
complex PE field are used. A window filter is then applied to both real and imaginary
component arrays by multiplying each element in xp and yp by each corresponding
element in the filter array filtp for indices between % n, and n,,.
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Next, the array elements in xp and yp are set to 0 for indices from n,+1 to ny-1.
[Note that both xp and yp are arrays of size n,.] The DRST SU is then referenced to
obtain the spectral field components.

The spectral amplitudes in dB are then given by

spectr; :IOLOGIO[MAX (10‘10,\/Xp,~2 +p; ﬂ 1=0,1,25 00y, = 1.

Next, a 3-point average is performed on spectr to determine the bin, or index ipea,
at which the peak spectral amplitude occurs. Once i,c.x has been determined, the outward
propagation angle is calculated as

9 :SIN_1 M .
o 2n,Azpy

Table 98 and Table 99 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the SPECEST SU.

Table 98. SPECEST SU input data element requirements.

Name Description Units Source
AzZpg PE mesh height increment (bin width in z-space) meters FFTPAR SU
filtp Array filter for spectral estimation calculations N/A APMINIT CSC
Iftag Flag indicating if spectral estimation is to be N/A Calling SU

performed on lower PE field or upper PE field
0 = upper PE field
1 = lower PE field

JZiim PE bin # corresponding to z;,, i.e., Zjm = jZjm AZpe N/A APMINIT CSC
In, Power of 2 transform size used in spectral N/A APMINIT CSC
estimation calculations; i.e., n, = 2"
NnpPs4 % np N/A APMINIT CSC
ne Number of bins in upper PE region to consider for N/A APMINIT CSC
spectral estimation.

N Transform size for spectral estimation calculations N/A APMINIT CSC
u Complex field at current PE range r uVv/m PESTEP SU
XOcon Constant used in determining o, N/A APMINIT CSC
Yeur Height of ground at current range r meters PESTEP SU
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Table 99. SPECEST output data element requirements.

Name Description Units

spectr | Spectral amplitude of field dB
Dout Outward propagation angle at top of PE region radians
xp Real part of spectral portion of PE field uvim
yp Imaginary part of spectral portion field uvim

5.2.19 Troposcatter (TROPOSCAT) SU

The purpose of the TROPOSCAT SU is to calculate loss due to troposcatter and
determine the appropriate loss to add to the already calculated propagation loss at and
beyond the radio horizon.

Upon entering the TROPOSCAT SU, the current output range r,,, is updated, and
the surface refractivity and associated variables are also initialized. The surface
refractivity sn,., 1s initialized accordingly:

1
SPyop = 5 (snref,. +refiefy).

A term used in the troposcatter transmission loss calculation, sn, is determined from

sn, = 0031 — 0.00232sn,, + 567%x10° snre;,

ref

along with a loss term #/st, for smooth surface as

tlst; =tlst,, —.2sn,,. .

Next, the tangent angle from the source to the surface, ¢, is initialized to its value
for smooth surface, #; and the troposcatter loss term #/st is initialized to its value for
smooth surface, tlst,.

If performing a terrain case (fz,» = ‘.true.’), the index jp is initialized where the
first occurance of the condition j,, Arp >, 1s met. The index j;; is set equal to the index

location within 2M¢, up to j;»-1, where the minimum value occurs. The tangent angle
from the source height &) is then initialized to #14 , and the corresponding range d; is

initialized j,;Arpg.

The following steps 1 through 13 are performed for each output height index j
from j to j..
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If running a smooth surface case (f,, = ‘.false.”) and r,, is less than the minimum
range rdt; at which diffraction field solutions are applicable for the current height,
then the SU is exited. Otherwise, the SU program flow continues with step 2.

The tangent angle from the receiver, &, is initialized to that for the jth receiver height
over smooth surface, 2s; . However, if f, = ‘.true.’, then the largest tangent angle
a> and range d, from the receiver to the tangent point are determined using an
iterative loop performed for index i from j,-1 to j,; in decrements of -1 as follows:

Py =Ty — 1 Apg
_ zout; - tyh; 7
a, = + 5
7y twoka

If the current ¢, value is less than ay, then ) is set equal to a, and d, is set equal to
r;. The index i is decremented by one, and the above calculations are repeated.

Once the loop in step 2 is been completed, the final value of ¢ is checked. If it is
greater than the tangent angle for smooth surface 2s; (at the same receiver range),
then both ¢ and d, are set equal to ¥2s; and d2s;, respectively.

Next, if r,,, 1s less than the sum of the tangent ranges, d; and d,, then the SU is exited.
Otherwise, SU program flow continues with step 5.

To account for antenna pattern effects over terrain, the ANTPAT SU is referenced
using the tangent angle from the source to determine the antenna pattern factor, f{ ).
The troposcatter loss term is then adjusted from its smooth surface value as

tst=tlst, — 20 LOG,,[ £ (s%)].

The following steps 6 through 13 are now performed regardless of the value of f.,.
The common volume scattering angle is given by

6=00, -1 —0,.

isip

Next, the following calculations are made to determine the effective scattering height
ho:
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adif .
a—lz‘}O. - lf’,
2 Py

out

adif;

p=Lv0, —v,- /,
2 v rout

2

s =MIN(MAX(O.1,%} 10],

sr,,,0

* 1031+ 52)
8. The parameter 7, is then calculated as a function of 4,:

—3.8x1070 9 j
9

n,, =.5696h, (1 +sn,e
n, =MIN(MAX(.01,7,.),5).

9. Next, the parameters ct; and ct, are defined as

ct,=163+133n,
ct,=4+16n,

where these are in turn used to calculate the quantities 7; and r;:

r =MAX(0.1,7,6),
r, =MAX (0.1, , zout, 6).

The quantity rrwas previously determined by referencing the TROPOINIT SU.
10. cty, ctr, r1, and r, are next used to determine H; and H;

H, =MAX0, ct, (1 + et 4|,
H,=MAX [0, ct,(ry +ct,) ]

11. The frequency gain function H, is then determined by

where
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AH,,=6[.6~LOG,(1,)JLOG,,(s)LOG,(gq,),

q, =MIN{10, MAX(O.I,F—z] } :

sh

AH, is not allowed to be larger than Y2(H,+ H,) and H, is set equal to 0 if it becomes
negative.

12. Next, the troposcatter loss is computed from

tlo.v.v =tlst+57360+ I"ZOgOiW + Ho .

13. Finally, through a method of “bold interpolation” the propagation loss rloss,
previously computed in the CALCLOS SU, is adjusted for loss due to troposcatter
according to

Lyyr =rloss; =t s

rloss ; =1}, for L, 218dB,

rloss , =rloss, ~10LOGy, 1 + 10447 ) for Ly >-18dB.

Table 100 and Table 101 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the TROPOSCAT SU.

Table 100. TROPOSCAT SU input data element requirements.

Name Description Units Source

adif Height differences between ant..sand all output meters TROPOINIT SU
receiver heights

d2s Array of tangent ranges for all output receiver heights meters TROPOINIT SU
over smooth surface

ex Effective earth’s radius factor N/A GET_KSU
frer Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:

“true.’ = terrain profile specified
‘false.’ = terrain profile not specified

ipg Number of PE range steps N/A PEINIT SU

lstp Current output range step index N/A Calling SU

Je Ending receiver height index at which to compute N/A Calling SU
troposcatter loss

Js Starting receiver height index at which to compute N/A Calling SU

troposcatter loss
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Table 100. TROPOSCAT SU input data element requirements. (Continued)

Name Description Units Source
Ji2 Index counter for tyh array indicating location of N/A TROPOINIT SU
receiver range APMSTEP CSC
rat Array of minimum ranges at which diffraction field meters TROPOINIT SU

solutions are applicable (for smooth surface) for all
output receiver heights.

I Constant used for troposcatter calculations meters” TROPOINIT SU
rlogo Array containing 20 times the logarithm of all output N/A APMINIT CSC
ranges
rloss Propagation loss array dB Calling SU
rt; I ™ anter N/A TROPOINIT SU
rngout | Array containing all desired output ranges meters APMINIT CSC
snref,, | Surface refractivity at transmitter M-unit REFINIT SU
90 Array of angles used to determine common volume radians TROPOINIT SU
scattering angle
s Tangent angle from source (for smooth surface) radians TROPOINIT SU
v2s Array of tangent angles from all output receiver radians TROPOINIT SU

heights - used with smooth surface

vt Array of tangent angles from source height - used with radians TROPOINIT SU
terrain profile

tist,, Troposcatter loss term dB TROPOINIT SU
twoka | Twice the effective earth radius meters GET_K SU
tyh Adjusted height points of terrain profile at every PE meters PEINIT SU
range step.
zout Array containing all desired output heights referenced meters APMINIT CSC
to hminter

Table 101. TROPOSCAT SU output data element requirements.

Name Description Units

rloss Propagation loss array dB

5.3 EXTENDED OPTICS INITIALIZATION (XOINIT) CSC

The purpose of the XOINIT CSC is to initialize the range, height, and angle
arrays in preparation for XO calculations.

Upon entering the XOINIT CSC, the value of iy, is tested. If iy, 1s equal to 0,
then the APMCLEAN SU is referenced to deallocate all arrays used in the APM
application and the CSC is exited. If iy, is greater than 0, then the following procedure
is performed.
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The arrays curang and curng, used for storage of traced local angles and ranges,
respectively, are allocated and initialized to the range and angle values stored in ffacz.
The array curht is allocated and initialized to the height of the top of the PE calculation
region, z;;,. The array igrd, used for storage of starting refractivity gradient level (at
which to begin ray tracing), is allocated and initialized to 0. The 2-dimensional array
prfhxo, containing final output heights and propagation factors, along with the dummy
array dum, used for temporary storage, are also allocated and initialized to 0.

If fier 1s “.true.’, then the MEANFILT SU is referenced twice to perform a 9-point
smoothing operation on the angle values, using dum for temporary storage of angles after
the first pass smoothing operation. Next, the starting height index at which to begin XO
calculations, jyq 1s initialized to the ending height index for PE calculations, j.,q, plus
one. Finally, dum is deallocated before exiting.

Table 102 and Table 103 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the XOINIT CSC.

Table 102. XOINIT CSC input data element requirements.

Name Description Units Source
ffacz Array containing propagation factor, range, and dB, FZLIM SU
propagation angle at zj, meters,
radians
frer Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:

true. = terrain profile specified
false. = terrain profile not specified

Ixostp Current output range step index for XO calculations N/A Calling SU
iz Number of propagation factor, range, angle triplets N/A FZLIM SU
stored in ffacz APMINIT CSC
iZmax Maximum number of points allocated for arrays N/A APMINIT CSC
associated with XO calculations
Jend Ending index within mpfl of PE loss values N/A Calling SU
Ziim Height limit for PE calculation region meters GETTHMAX SU
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Table 103. XOINIT CSC output data element requirements.

Name Description Units
curang | Array of current local angles for each ray being traced in XO region radians
curht Array of current local heights for each ray being traced in XO region meters
curng Array of current local ranges for each ray being traced in XO region meters
Ierror Error flag N/A
igrd Integer indexes indicating at what refractive gradient level to begin ray N/A
tracing for next XO range step for each ray in XO region.
Jxstart Starting index within mpfl of XO loss values N/A
prfhxo 2-dimensional array of propagation factor and heights for each ray dB,meters
traced in XO region to range ry,

5.3.1 APM Clean (APMCLEAN) SU

current application are now deallocated.

The purpose of the APMCLEAN SU is to deallocate all dynamically dimensioned
arrays used in one complete run of APM calculations.

Upon entry, all arrays that were dynamically allocated at the beginning of the

Table 104 and Table 105 identify, describe the purpose for, state the units of, and

show the computational source for each input and output data element, respectively, of
the APMCLEAN SU.

Table 104. APMCLEAN CSC input data element requirements.

Name Description Units Source
adif Height array used for troposcatter meters TROPOINIT SU
calculations
curang | Array of current local angles for each ray radians EXTO SU
being traced in XO region XOINIT CSC
curht Array of current local heights for each ray meters EXTO SU
being traced in XO region XOINIT CSC
curng Array of current local ranges for each ray meters EXTO SU
being traced in XO region XOINIT CSC
d2s Array of tangent ranges for all output meters TROPOINIT SU
receiver heights over smooth surface
dielec 2-dimensional array containing the relative N/A, S/m Calling CSCl,
permittivity and conductivity; dielec,; and DIEINIT SU
dielec,;, respectively.
envpr Complex [refractivity] phase term array N/A PEINIT SU
interpolated every Azpe in height PESTEP SU
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Table 104. APMCLEAN CSC input data element requirements. (Continued)

Name Description Units Source
ffacz Array containing propagation factor, range, dB, FZLIM SU
and propagation angle at zj, meters,
radians
ffrout Array of propagation factors at each output dB CALCLOS SU
range beyond r,, and at height z;;,
filt Cosine-tapered (Tukey) filter array N/A PEINIT SU
filtp Array filter for spectral estimation N/A APMINIT CSC
calculations
frsp Complex free-space propagator term array N/A PEINIT SU
fsl Free space loss array for output ranges dB APMINIT CSC
gr Intermediate M-unit gradient array, RO (M-unit/m)‘IO'6 REFINIT SU
region
grad 2-dimensional array containing gradients of M-units SAVEPRO SU
each profile used in XO calculations /meter
grdum Array of refractivity gradients defined by M-units REFINIT SU
profile htdum and refdum /meter REFINTER SU
hfangr | Array of user-defined cut-back angles. This radians APMINIT CSC
is used only for user-defined height-finder
antenna type.
hlim Array containing height at each output meters GETTHMAX SU
range separating the RO region from the PE
(at close ranges) and XO (at far ranges)
regions
href Heights of refractivity profile with respect to meters PROFINT SU
Yref
ht PE mesh height array of size nx meters PEINIT SU
htdum Height array for current interpolated profile meters REFINIT SU
REFINTER SU
htfe Array containing the height at each output meters FILLHT SU
range separating the FE region from the RO
region (full hybrid mode), or the FE region
from the PE region (partial hybrid mode)
htr 2-dimensional array containing heights of meters SAVEPRO SU
each profile used in XO calculations
igrd Integer indexes indicating at what refractive N/A XOINIT CSC

gradient level to begin ray tracing for next
XO range step for each ray in XO region.
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Table 104. APMCLEAN CSC input data element requirements. (Continued)

Name Description Units Source
igrnd Integer array containing ground type N/A Calling CSCI
composition for given terrain profile - can
vary with range. Different ground types are:
0 = sea water
1 = fresh water
2 = wet ground
3 = medium dry ground
4 = very dry ground
5 =ice at -1 degree C
6 = ice at -10 degree C
7 = user defined (in which case,
values of relative permittivity and
conductivity must be given).
vl Number of height levels in each profile used N/A SAVEPRO SU
in XO calculations
nc’ Array of complex dielectric constants N/A DIEINIT SU
prfhxo Array of propagation factor and heights for dB,meters XOINIT CSC
each ray traced in XO region to range ro;
profint Profile interpolated to every Azpe in height M-units REFINTER SU
b Array of interpolated grazing angles at each radians GRAZE_INT SU
PE range step
q Intermediate M-unit difference array, RO 2M-unit 107 REFINIT SU
region
rdt Array of minimum ranges at which meters TROPOINIT SU
diffraction field solutions are applicable (for
smooth surface) for all output receiver
heights.
refdum M-unit array for current interpolated profile M-units REFINIT SU
REFINTER SU
refref Refractivity profile with respect to y,.r M-units PROFINT SU
rfact Propagation factor at valid output height dB CALCLOS SU
points from PE field at range 1,5
rfac2 Propagation factor at valid output height dB CALCLOS SU
points from PE field at range r
rgrd Array containing ranges at which varying meters Calling CSCI
ground types apply.
rlogo Array containing 20 times the logarithm of N/A APMINIT CSC
all output ranges
rloss Propagation loss dB ALLARRAY_APM
CALCLOS SU
EXTO SU
TROPOSCAT SU
rm Intermediate M-unit array, RO region M-unit 107 REFINIT SU
rngout Array containing all desired output ranges meters APMINIT CSC
m Array of Rrto the " power (e.g., ;= RTi) N/A GETALN SU
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Table 104. APMCLEAN CSC input data element requirements. (Continued)

Name Description Units Source
rsqrd Array containing the square of all desired meters® APMINIT CSC
output ranges
spectr Spectral amplitude of field dB SPECEST SU
v0 Array of angles used to determine common radians TROPOINIT SU
volume scattering angle
v2s Array of tangent angles from all output radians TROPOINIT SU
receiver heights - used with smooth surface
vt Array of tangent angles from source height - radians TROPOINIT SU
used with terrain profile
tyh Adjusted height points of terrain profile meters PEINIT SU
v Complex PE field uvim PESTEP SU
udum Real or imaginary part of complex field array uVv/m FFT SU
Ulast Complex PE field at range ra5 uVv/m PESTEP SU
w Difference equation of complex PE field pV/m2 PESTEP SU
xp Real part of spectral portion of PE field uVv/m SPECEST SU
ym Particular solution of difference equation uv/m PESTEP SU
yp Imaginary part of spectral portion field uVv/m SPECEST SU
zout Array containing all desired output heights meters APMINIT CSC
referenced to hpjnter
zoutma Output height point relative to “real” ant,es meters APMINIT CSC
zoutpa Output height point relative to “image” ant ¢ meters APMINIT CSC
ZRO Array of output heights in RO region meters APMINIT CSC
zrt Intermediate height array, RO region meters REFINIT SU

Table 105. APMCLEAN CSC output data element requirements.

Name Description Units

Ierror Error flag indicator: non-zero if error has occurred in deallocation procedure N/A

5.3.2 Mean Filter (MEANFILT) SU
The purpose of the MEANFILT SU is to perform a i,-point average smoothing
operation on the array passed to it.

The array arbef is passed to the SU, along with the number of points over which
to perform the smoothing operation, i, Once the smoothing operation has been
performed, the resulting “smoothed” points are stored in araft and passed back to the
calling routine. The operation is performed as follows:
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1 k+m’ )
araft, =— Y arbef; fork=m'+1,m' +2, i —m’

i=k—m’
where m “is Ya(m-1) and m is the size of array arbef.

Table 106 and Table 107 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the MEANFILT SU.

Table 106. MEANFILT SU input data element requirements.

Name Description Units Source
arbef | Array of angles before smoothing operation radians Calling SU
Isz Number of points over which to perform average N/A Calling SU
smoothing
m Size of array arbef N/A Calling SU

Table 107. MEANFILT SU output data element requirements.

Name Description Units

araft Array of angles after smoothing operation radians

5.4 EXTENDED OPTICS STEP (XOSTEP) CSC

The purpose of the XOSTEP CSC is to calculate the propagation loss in the XO
region for one output range step.

Upon entering the XOSTEP CSC, the current execution mode is checked to
determine if XO calculations will be necessary (inypria # 0). If ipypria 1s 0, then the CSC is
exited.

If ipypria 1s nOt equal to O, the output range r,., and the gaseous absorption loss
gasj,ss are updated. The mpfl values are initialized to -1000 from the index of the start of
XO calculations, jysqr, to the maximum number of height output points, 7,,,,. The EXTO
SU is then referenced to calculate propagation factor and loss values in the XO region.
Propagation factor and loss values are returned in mpfl from index jsq tO jye.

If FE and RO calculations need to be performed (ipsig = 1), then the indices jg
and jr, indicating the height index at which to start and end FE calculations, respectively,
are determined. The FEM SU is then referenced to compute propagation factor and loss
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values for heights zout]ﬁ to zoutjfe. Similarly for RO calculations, the indices j,,; and j,. are

determined, and the ROLOSS SU is referenced to compute propagation factor and loss
values for heights zout; to zout; .

Finally, the index jenq 15 set equal to the maximum of ji., je, and j.. If the last
range value has been reached (is, = 7,04) then the APMCLEAN SU is referenced to
deallocate all arrays allocated for the APM application.

Table 108 and Table 109 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the XOSTEP CSC.

Table 108. XOSTEP CSC input data element requirements.

Name Description Units Source
gas. Gaseous absorption attenuation rate dB/km GASABS SU
htfe Array containing the height at each output range meters FILLHT SU

separating the FE region from the RO region (full hybrid
mode), or the FE region from the PE region (partial
hybrid mode)

htjim Maximum height relative to hpnter meters TERINIT SU

inybrid Integer indicating which sub-models will be used: N/A APMINIT CSC
0 = pure PE model

1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)

lstp Current output range step index N/A Calling CSCI
Jxstart Index at which valid propagation factor and loss values N/A Calling CSCI
in mpfl start
Nyout Integer number of output height points desired N/A Calling CSCI
rngout | Array containing all desired output ranges meters APMINIT CSC
zout Array containing all desired output heights referenced to meters APMINIT CSC
hminter

Table 109. XOSTEP CSC output data element requirements.

Name Description Units
Jxend Index at which valid propagation factor and loss values in mpfl end N/A
mpfl Propagation factor and loss array cB

Fout Current desired output range meters
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5.4.1 Extended Optics (EXTO) SU

The purpose of the EXTO SU to calculate propagation factor and loss based on
XO techniques. The SU performs a ray trace on all rays within one output range step and
returns the propagation factor and loss up to the necessary height; storing all angle,

height, and range information for subsequent ray tracing upon the next reference to the
SU.

Upon entering the SU, internal one-line ray trace functions are defined as

RADA 1(a,b)=a’+2g,,b,

RP(a,b):a+i,
grd
AP(a,p)=a+bg,, ,

2 2
b'—c

2grd

HP(a,b,c)=a+

Next, the starting and ending index counters iz,, iz, respectively, for the local
angle, range, and height arrays, and the refractivity profile starting index i, are
initialized to 1 for the first reference to the EXTO SU. The index iz, is then determined
such that CUIrNGiz, < Tou < CUFNGz +1. The integer counter k, indicating the number of

propagation factor and heights in array prfhxo, is initialized to 0.

The following ray trace steps 1 through 3 are performed for each ray; i.e., for each
;™ angle, range, and height triplet, for j ranging from iz, to iz..

1. At the start of the ray trace, the current local angle (ao), range (7o), height (4), and
refractive gradient index (igq) are initialized to curang;, curngj, curht;, and igrd;,
respectively. Next, refractive profile index, i,,, 1s initialized to the maximum of j or
ips. Finally, the refractivity gradient, g, is set equal to the gradient at the igmdth level

of the irpth profile, graa’,-gm iy The following ray trace steps 1.a through 1.d are then

performed until the current local range ) becomes greater than or equal to 7,,,.

a. The ending range, 7|, in the ray trace segment is set equal to the minimum of
ﬁaCerp+1’2 or 7oy If i,y 1s equal to the number of stored triplets, iz, then 7 is set

equal to 7,,;.

b. The ;" ray is then traced to | and the resulting angle and height at the end of the
segment is determined via the in-line functions as

a, = AP(aO,rl —VO),
h = HP(hy, a,,a,).

170



c. The ending height 4; is then compared to the next height level in the current

refractivity profile, htr,-gm iy and if A is greater than this height level, it is set

equal to htr; 41, and a new a; and r| are computed from
grad” “'rp

a, = \JRADA(a, b — hy)
no= RP(rO,a1 — ao) '

igraq 1 then set to the minimum of ig,s+1 or lvl,-rp-l.

d. The starting angle, range, and height for the next ray trace segment is updated,
and, if necessary, the refractivity profile index i,, is updated to the minimum of
i,pt1 oriz.. Steps l.a through 1.d are then repeated for the next ray segment.

2. Once the ray has been traced to a range of r,,, or greater, the current angle, range, and
height arrays, curang, curng, and curht, respectively, are updated to the values for ay,
ro, and Ay for subsequent references to the EXTO SU.

3. The counter k£ for the propagation factor and height array is incremented by one and
the array is updated according to

prfhxoy ;= ffacz;  ,
P”ﬂ’xok,z =hy.

Once all rays have been traced, the starting profile index i, is updated to iz, for
the next reference to the EXTO SU, and the counter £ is again incremented by one and
the last values of prfhxo updated as follows,

prfhxok’lz ﬁ’routistp’1 .
prfhxo, , = ffrout; .

istps

The number of traced XO height points, 7,,, at the current output range is then set to £.
Note that at this point, all output heights in prfhxo., . are decreasing from prfhxo to

prihxo,_» and all traced heights in curht are decreasing from curht;;_to curht;, .

The starting index iz is then adjusted (for the next reference to the EXTO SU) if
the topmost traced height curht,-zs is greater than hty,. If performing a terrain case, the

output height points may not be continually decreasing from prfhxo: , to prfhxo, ». In

this case, prfhxo is sorted such that all height values are steadily decreasing. The ending
index, j,., at which XO propagation factor and loss values will be calculated and stored in
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mpfl, is set equal to n,,, and adjusted, if necessary, such that zout; is less than prfhxo; ».

Now, the counter index ix is initialized to n,,. Next, the propagation factor is determined
via linear interpolation on the values in prfhxo. The following steps 1 through 2 are
performed for each output height point zout; for j varying from j to jxe.

1. The counter ix is adjusted (if necessary) such that prfhxo;.» < zout; < prfhxojx.1 ».

2. The propagation factor Fyz and propagation loss rloss at height zout; are then

calculated according to

zout; — prfhxq,
prfhxa,_, — prfhxa, ,

Fjp=prfhxq,,+ (P’”fhx‘%x,l — prfhxg, )

rloss; = fSZistp —F

Once all propagation loss values have been computed, the TROPOSCAT SU is
referenced to compute troposcatter loss, if necessary. Finally, the loss due to gasesous
absorption is added to rloss and then converted to centibels and stored in mpfl before
exiting.

Table 110 and Table 111 identify, describe the purpose for, state the units of, and
show the computational source for each input and output data element, respectively, of
the EXTO SU. Table 112 identifies terms which are used internal to the EXTO SU and
whose value must be retained from SU call to SU call for reasons of computational
efficiency.

Table 110. EXTO SU input data element requirements.

Name Description Units Source
curang | Array of current local angles for each ray being traced radians EXTO SU
in XO region XOINIT CSC
curht | Array of current local heights for each ray being traced meters EXTO SU
in XO region XOINIT CSC
curng | Array of current local ranges for each ray being traced meters EXTO SU
in XO region XOINIT CSC
ffacz Array containing propagation factor, range, and dB, FZLIM SU
propagation angle at zj, meters,
radians
ffrout | Array of propagation factors at each output range dB CALCLOS SU
beyond r,, and at height z;,
fsl Free space loss array for output ranges dB APMINIT CSC
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Table 110. EXTO SU input data element requirements. (Continued)

Name Description Units Source
frer Logical flag indicating if terrain profile has been N/A TERINIT SU
specified:
.true. = terrain profile specified
false. = terrain profile not specified
gasss | Gaseous absorption loss at range r,y dB APMSTEP CSC
grad 2-dimensional array containing gradients of each profile | M-units SAVEPRO SU
used in XO calculations /meter
hlim Array containing height at each output range separating | meters | GETTHMAX SU
the RO region from the PE (at close ranges) and XO (at
far ranges) regions
htjim Maximum height relative to hpnter meters TERINIT SU
htr 2-dimensional array containing heights of each profile meters SAVEPRO SU
used in XO calculations
igrd Integer indexes indicating at what refractive gradient N/A XOINIT CSC
level to begin ray tracing for next XO range step for
each ray in XO region.
Iratz Index of output range step in which to begin storing N/A APMINIT CSC
propagation factor and outgoing angle for XO region
lstp Current output range step index N/A Calling SU
Tropo Troposcatter calculation flag: N/A Calling CSCI
‘false.’= no troposcatter calcs
‘.true.’ = troposcatter calcs
iz Number of propagation factor, range, angle triplets N/A FZLIM SU
stored in ffacz
Jxs Index at which valid loss values in mpfl start N/A Calling SU
vl Number of height levels in each profile used in XO N/A SAVEPRO SU
calculations
Nyout Integer number of output height points desired N/A Calling CSCI
Fout Current output range meters Calling SU
zout Array containing all desired output heights referenced meters APMINIT CSC

to hminter
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Table 111. EXTO SU output data element requirements.

Name Description Units
curang Array of current local angles for each ray being traced in XO radians
region
curht Array of current local heights for each ray being traced in XO meters
region
curng Array of current local ranges for each ray being traced in XO meters
region
hlim Array containing height at each output range separating the meters
RO region from the PE (at close ranges) and XO (at far
ranges) regions
Jxe Index at which valid loss values in mpfl end N/A
mpfl 2-dimensional propagation factor and loss array cB
prfhxo 2-dimensional array of propagation factor and heights for each dB,meters
ray traced in XO region to range ro
rloss Propagation loss dB
Table 112. EXTO SU save data element requirements.
Name Description Units
Irps Starting index counter for refractivity profiles N/A
iZe Ending index in curang, curng, and curht to trace to ro, N/A
izs Starting index in curang, curng, and curht to trace to r,; N/A

6. REQUIREMENTS TRACEABILITY

This section provides the traceability of the design of the APM CSCI. Table 113
presents this traceability between the corresponding sections of the Software
Requirements Specification (SRS) and the Software Design Description (SDD) and
between the various components of the APM CSCI.

Table 113. Traceability matrix between the SRS and the SDD.

Software Requirements Specification Software Design Description
SRS SDD
Paragraph Paragraph
SRS Requirement Name Number | Software Design Description Name Number
CSCI Capability Requirements 3.1 CSCI-WIDE DESIGN DECISIONS 3.
CSCI Capability Requirements 3.1 CSCI Components 4.1
CSCI Capability Requirements 3.1 Concept of Execution 4.2
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Table 113 Traceability matrix between the SRS and the SDD. (Continued)

Software Requirements Specification

Software Design Description

SRS SDD
Paragraph Paragraph
SRS Requirement Name Number | Software Design Description Name Number

Advance Propagation Initialization 3.1.1 Advance Propagation Initialization 5.1
(APMINIT) CSC (APMINIT) CSC
Allocate Arrays APM 3.1.11 Allocate Arrays APM 5.1.1
(ALLARRAY_APM) SU (ALLARRAY_APM) SU
Allocate Array PE 3.11.2 Allocate Array PE 51.2
(ALLARRAY_PE) SU (ALLARRAY_PE) SU
Allocate Array RO 3.1.1.3 Allocate Array RO 51.3
(ALLARRAY_RO) SU (ALLARRAY_RO) SU
Allocate Array 3.1.14 Allocate Array 51.4
(ALLARRAY_XORUF) SU (ALLARRAY_XORUF) SU
Alpha Impedance Initialization 3.1.15 Alpha Impedance Initialization 5.1.5
(ALN_INIT) SU (ALN_INIT) SU
Antenna Pattern (ANTPAT) SU 3.1.1.6 Antenna Pattern (ANTPAT) SU 5.1.6
Dielectric Initialization (DIEINIT) 3.1.1.7 Dielectric Initialization (DIEINIT) 51.7
SuU SU
FFT Parameters (FFTPAR) SU 3.1.1.8 FFT Parameters (FFTPAR) SU 5.1.8
Fill Height Arrays (FILLHT) SU 3.1.1.9 Fill Height Arrays (FILLHT) SU 5.1.9
Gaseous Absorption (GASABS) 3.1.1.10 | Gaseous Absorption (GASABS) 5.1.10
SuU SuU
Get Effective Earth Radius Factor 3.1.1.11 Get Effective Earth Radius Factor 51.11
(GET_K) SU (GET_K) SU
Get Alpha Impedance (GETALN) 3.1.1.12 | Get Alpha Impedance (GETALN) 5.1.12
SuU SU
Get Grazing Angle (GETGRAZE) 3.1.1.13 | Get Grazing Angle (GETGRAZE) 5.1.13
SuU SU
Get Maximum Angle (GETTHMAX) | 3.1.1.14 | Get Maximum Angle (GETTHMAX) 5.1.14
SuU SuU
Grazing Angle Interpolation 3.1.1.15 | Grazing Angle Interpolation 5.1.15
(GRAZE_INT) SU (GRAZE_INT) SU
Interpolate Profile (INTPROF) SU 3.1.1.16 | Interpolate Profile INTPROF) SU 5.1.16
PE Initialization (PEINIT) SU 3.1.1.17 | PE Initialization (PEINIT) SU 5.1.17
Profile Reference (PROFREF) SU 3.1.1.18 | Profile Reference (PROFREF) SU 5.1.18
RD Trace (RDTRACE) SU 3.1.1.19 | RD Trace (RDTRACE) SU 5.1.19
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Table 113 Traceability matrix between the SRS and the SDD. (Continued)

Software Requirements Specification

Software Design Description

SRS SDD
Paragraph Paragraph
SRS Requirement Name Number Software Design Description Number
Name

Refractivity Initialization (Reflnit) 3.1.1.20 | Refractivity Initialization 5.1.20
SuU (REFINIT) SU
Remove Duplicate Refractivity 3.1.1.21 Remove Duplicate Refractivity 5.1.21
Levels (REMDUP) SU Levels (REMDUP) SU
Terrain Initialization (TERINIT) 3.1.1.22 | Terrain Initialization (TERINIT) 5.1.22
SU SU
Trace to Output Range 3.1.1.23 | Trace to Output Range 5.1.23
(TRACE_ROUT) SU (TRACE_ROUT) SU
Troposcatter Initialization 3.1.1.24 | Troposcatter Initialization 5.1.24
(TROPOINIT) SU (TROPOINIT) SU
Starter Field Initialization 3.1.1.25 | Starter Field Initialization (XYINIT) 5.1.25
(XYINIT) SU SuU
Advance Propagation Model Step 3.1.2 Advance Propagation Model Step 5.2
(APMSTEP) CSC (APMSTEP) CSC
Airborne Hybrid Model 3.1.2.1 Airborne Hybrid Model 5.21
(AIRBORNE) SU (AIRBORNE) SU
Calculate Propagation Loss 3.1.2.2 Calculate Propagation Loss 522
(CALCLOS) sU (CALCLOS) sU
DOSHIFT SU 3.1.2.3 DOSHIFT SU 5.2.3
Discrete Sine/Cosine Fast-Fourier 3.1.24 Discrete Sine/Cosine Fast-Fourier 524
Transform (DRST) SU Transform (DRST) SU
Flat-earth Model (FEM) SU 3.1.25 Flat-earth Model (FEM) SU 5.25
Fast-Fourier Transform (FFT) SU 3.1.2.6 Fast-Fourier Transform (FFT) SU 5.2.6
Free-Space Range Step (FRSTP) 3.1.2.7 Free-Space Range Step (FRSTP) 5.2.7
SU SU
FZLIM SU 3.1.2.8 FZLIM SU 5.2.8
Get Propagation Factor 3.1.2.9 Get Propagation Factor 5.2.9
(GETPFAC) SU (GETPFAC) SU
Get Reflection Coefficient 3.1.2.10 | Get Reflection Coefficient 5.2.10
(GETREFCOEF) SU (GETREFCOEF) SU
Mixed Fourier Transform 3.1.2.11 Mixed Fourier Transform 5.2.11
(MIXEDFT) SU (MIXEDFT) SU
Parabolic Equation Step 3.1.2.12 | Parabolic Equation Step 5.2.12

(PESTEP) SU

(PESTEP) SU
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Table 113 Traceability matrix between the SRS and the SDD. (Continued)

Software Requirements Specification

Software Design Description

SRS SDD
Paragraph Paragraph
SRS Requirement Name Number Software Design Description Number
Name

Ray Trace (RAYTRACE) SU 3.1.2.13 Ray Trace (RAYTRACE) SU 5.2.13
Refractivity Interpolation 3.1.2.14 Refractivity Interpolation 5.2.14
(REFINTER) SU (REFINTER) SU
Ray Optics Calculation 3.1.2.15 Ray Optics Calculation 5.2.15
(ROCALC) sU (ROCALC) SU
Ray Optics Loss (ROLOSS) SU 3.1.2.16 Ray Optics Loss (ROLOSS) SU 5.2.16
Save Profile (SAVEPRO) SU 3.1.2.17 Save Profile (SAVEPRO) SU 5.2.17
Spectral Estimation (SPECEST) 3.1.2.18 Spectral Estimation (SPECEST) 5.2.18
SuU SuU
Troposcatter (TROPOSCAT) SU 3.1.2.17 Troposcatter (TROPOSCAT) SU 5.2.19
Extended Optics Initialization 3.1.3 Extended Optics Initialization 53
(XOINIT) CSC (XOINIT) CSC
Advanced Propagation Model 3.1.3.1 Advanced Propagation Model 5.31
Clean (APMCLEAN) CSC Clean (APMCLEAN) CSC
Mean Filter (MEANFILT) SU 3.1.3.2 Mean Filter (MEANFILT) SU 5.3.2
Extended Optics Step (XOSTEP) 3.1.4 Extended Optics Step 54
CSC (XOSTEP) CSC
Extended Optics (EXTO) SU 3.1.41 Extended Optics (EXTO) SU 541
CSCI External Interface 3.2 External Interface 4.3.2
Requirements
CSCI Internal Interface 3.3 Internal Interface 4.3.3
Requirements
CSCI Internal Data Requirements 3.4 Internal Data 4.3.4
Environmental Radio Refractivity 3.5.1 Environmental Radio Refractivity 7.2
field Data Element field Data Element
Terrain Profile Data Element 3.5.2 Terrain Profile Data Element 7.3
Implementation and Application 3.10.1 Implementation and Application 71

Considerations

Considerations
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7. NOTES

7.1 APM CSCI IMPLEMENTATION AND APPLICATION CONSIDERATIONS

The calling NITES CSCI application will determine the employment of the APM
CSCI. However, the intensive computational nature of the APM CSCI must be taken into
consideration when designing an efficient calling application. For this reason, the APM
CSCI is designed with flexibility for various hardware suites and computer resource
management considerations. This APM CSCI applies only to a coverage and loss
diagram application. The following highly recommended guidelines are provided to aid
in the design of a coverage or loss diagram application which will most efficiently
employ the APM CSCI.

The APM CSCI propagation loss calculations are independent of any target or
receiver considerations; therefore, for any EM emitter, one execution of the APM CSCI
may be used to create both a coverage diagram and a loss diagram. Since both execution
time and computer memory allocation should be a consideration when employing this
model, it is most efficient and appropriate to execute the APM CSCI for a particular EM
system/environmental/terrain combination before executing any application. The output
of the APM CSCI would be stored in a file which would be accessed by multiple
applications.

For example, the NITES operator may desire a coverage diagram for one
particular radar system. At the beginning of the coverage diagram application, a check
would be made for the existence of a previously created APM CSCI output file
appropriate for the EM system, environmental, and terrain conditions. If such a file
exists, the propagation loss values would be read from the file and used to create the
coverage diagram. If the file does not exist, the APM CSCI would be executed to create
one. As the APM CSCI is executing, its output could be routed simultaneously to a
graphics display device and a file. This file could then be used in the loss diagram
application should the operator also choose it. Two distinct applications, therefore, are
achieved with only one execution of the APM CSCI. Additionally, should the operator
desire an individual coverage diagram for each of multiple targets, or a single coverage
diagram illustrating radar detection of a low-flying missile superimposed upon a
coverage diagram illustrating his own radar's vulnerability as defined by the missile's
ESM receiver, only a single execution of the APM CSCI would be required, thereby
saving valuable computer resources.

7.2 ENVIRONMENTAL RADIO REFRACTIVITY FIELD DATA ELEMENTS

The radio-refractivity field, i.e., the profiles of M-units versus height, should
consist of vertical piece-wise linear profiles specified by couplets of height in meters with
respect to mean sea level and modified refractivity (M-units) at multiple arbitrary ranges.
All vertical profiles must contain the same number of vertical data points, and be
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specified such that each numbered data point corresponds to like-numbered points (i.e.,
features) in the other profiles. The first numbered data point of each profile must
correspond to a height of zero mean sea level and the last numbered data point must
correspond to a height such that the modified refractivity for all greater heights is well
represented by extrapolation using the two highest profile points specified.

With the inclusion of terrain and allowing the terrain profile to fall below mean
sea level, refractivity profiles can also be provided in which the first level is less than 0
(or below mean sea level). For a terrain profile that falls below mean sea level at some
point, the assumption is that the minimum height may be less than the first height in any
refractivity profile specified. Therefore, an extrapolation flag, i..,,, must be specified to
indicate how the APM CSCI should extrapolate from the first refractivity level to the
minimum height along the terrain profile. Setting i, to 0 will cause the APM CSCI to
extrapolate to the minimum height using a standard atmosphere gradient; setting 7oy, to 1
will cause the APM CSCI to extrapolate to the minimum height using the gradient
determined from the first two levels of the refractivity profile.

Within each profile, each numbered data point must correspond to a height greater
than or equal to the height of the previous data point. Note that this requirement allows
for a profile which contains redundant data points. Note also that all significant features
of the refractivity profiles must be specified, even if they are above the maximum output
height specified for a particular application of APM.

The NITES CSCI application designer and the NITES operator share
responsibility for determining appropriate environmental inputs. For example, a loss
diagram may be used to consider a surface-to-surface radar detection problem. Since the
operator is interested in surface-to-surface, he may truncate the profile assuming that
effects from elevated ducting conditions are negligible. It may be, however, that the
elevated duct does indeed produce a significant effect. The operator should ensure,
therefore, that the maximum height of the profile allows for the inclusion of all
significant refractive features.

This specification allows a complicated refractivity field to be described with a
minimum of data points. For example, a field in which a single trapping layer linearly
descends with increasing range can be described with just two profiles containing only
four data points each, frame (a) of Figure 3. In the same manner, other evolutions of
refractive layers may be described. Frames (b) and (c) of Figure 3 show two possible
scenarios for the development of a trapping layer. The scenario of choice is the one
which is consistent with the true thermodynamical and hydrological layering of the
atmosphere.
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PROFILE 1 PROFILE 2

PROFILE 1 ©) PROFILE 2 PRCFILE 1 © PROFILE 2
C

Figure 3. ldealized M-unit profiles (solid) and lines of interpolation (dahsed).

Two external implementation data variables applicable to both the NITES
operator and to the calling application designer are 7,4, the maximum APM CSCI
output range, and /..y, the maximum APM CSCI output height. These two parameters
are required by the APM CSCI to determine the horizontal and vertical resolution,
respectively, for internal range and height calculations based on the current values of 7,,,,
and 7., Any value of r,, and h,,, is allowed for the convenience of the NITES
operator and the calling application designer, provided 7, = 5 km, and 4, = 100 m.
For example, the NITES operator may desire a coverage diagram which extends to a
range of 500 kilometers (km). In addition to accommodating the desires of the operator,
specification of such a convenient maximum range eases the burden for the application
designer in determining incremental tick marks for the horizontal axis of the display.

Provided the value of the parameter lerrl2 is set to ‘.false.’, if the furthest
environment profile range is less than r,,, the APM CSCI will automatically create an
environment profile at 7,4 equal to the last profile specified, making the environment
homogeneous from the range of the last profile specified to 7,,,. For example, a profile is
input with an accompanying range of 450 km. If the NITES operator chooses an 7, of
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500 km, the APM CSCI will continue loss calculations to 500 km, keeping the
refractivity environment homogeneous from 450 km to 500 km.

If lerri2 is set to “.true.’” and the furthest environment profile range is less than
’max, then an error will be returned in i, from the APMINIT CSC. This is to allow the
NITES CSCI application designer greater flexibility in how environment data is handled.

7.3 TERRAIN PROFILE DATA ELEMENT

The terrain profile should consist of linear piece-wise segments specified in terms
of range/height pairs. All range values must be increasing, and the first terrain height
value must be at range zero. General ground composition types can be specified (Table
4), along with corresponding ranges over which the ground type is to be applied. If
ground type “User Defined” is specified (igrnd; = 7), then numeric values of relative
permittivity and conductivity must be given. If horizontal antenna polarization is
specified, the APM CSCI will assume perfect conductivity for the entire terrain profile
and will ignore any information regarding ground composition. If vertical antenna
polarization is specified, then information regarding ground composition must also be
specified.

The maximum height, 4,,,,, must always be greater than the minimum height, 4,;,.
Also, a value of A,, must be given such that it is larger than the maximum elevation
height along a specified terrain profile.

Provided lerr6 is set to ‘.false.’, if the furthest range point in the terrain profile is
less than 7,,,,, the APM CSCI will automatically create a height/range pair as part of the
terrain profile at r,,,, with elevation height equal to the last height specified in the profile,
making the terrain profile flat from the range of the last profile point specified to 7.
For example, a terrain profile is input where the last height/range pair is 50 meters (m) in
height with an accompanying range of 95 km. If the NITES operator chooses an 7, of
100 km, the APM CSCI will continue loss calculations to 100 km, keeping the terrain
profile flat from 95 km to 100 km with an elevation height of 50 m.

If lerr6 is set to ‘.true.” and the furthest range point is less than 7,,,, then an error
will be returned in i, from the APMINIT SU. This is to allow the NITES CSCI
application designer greater flexibility in how terrain data is handled.

7.4 ACRONYM AND ABBREVIATIONS

The following table, Table 114, is a glossary of acronyms and abbreviations used
within this document.
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Table 114. Acronyms and abbreviations.

Term Definition
MIN Minimum of variables within parenthesis
MAX Maximum of variables within parenthesis
AP Angle trace function
APM Advanced Propagation Model
Centibel One-hundredth of the logarithm of a quantity

COMMON BLOCK

COS
CMPLX
CSCl
dB
decibel
EM
FE
FFT
FORTRAN
HP
IMAG
INT
km
LOGy
LN
m
M
MHz
M-unit
uV/m
N/A
NINT
PE
p space
RADA1
radian
REAL
RO

Allows two or more FORTRAN SUs to share variables without having to
pass them as arguments

Cosine function

Data conversion to complex number
Computer software configuration item
Decibel

10 times the logarithm of a quantity
electromagnetic

Flat earth

Fast-Fourier Transform

Formula Translation

Height trace function

Imaginary part of complex number
Integer value of

Kilometers

Logarithm to base 10

Natural logarithm

Meters

Modified refractivity units
MegaHertz

Refractivity measurement unit
Microvolts per meter

Not applicable

Round real number

Parabolic Equation

Phase space

Angle trace function

Unit of angular measurement

Real part of complex number

Ray Optics
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Table 114. Acronyms and abbreviations. (Continued)

Term Definition

RP Range trace function

SIGN Sign transfer function

SIN Sine function
SIN™ Inverse sine function
S/m Conductivity unit Siemens per meter
Sin(X)/X | Sine(X)/X
SRS Software Requirements Specification
SU Software unit
TAN Inverse tangent function

NITES Naval Integrated Tactical Environmental Subsystem

z-space Height space

7.5 SDD VARIABLE NAME, FORTRAN VARIABLE NAME CROSS
REFERENCE

The following table, Table 115, is a cross reference of variable names used within
the body of this document and the FORTRAN variable names as used within the APM
CSCI source code of Section 8, Appendix A. Included are the SDD variable name, its
description, the FORTRAN source code name, and the designation of the FORTRAN
COMMON BLOCK name, if applicable. Note — all dynamically allocated arrays are
declared PUBLIC and are common to all SUs containing the APM_MOD module.
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Table 115. Variable name cross reference.

SDD FORTRAN FORTRAN
variable source common
name Description code name block name
ao Angle at start of ray trace step a0 N/A
a, Angle at end of ray trace step al N/A
a Tangent angle for receiver height zout; ang2 N/A
Atz Local ray or propagation angle at height z;, aatz APM_VAR
and range ry,
absnum Absolute humidity near the surface abshum REFRACTIVITY
Acrit Critical angle (angle above which no rays are acrit APM_VAR
trapped)
acut Tangent angle from antenna height to radio acut APM_VAR
horizon
adif Height differences between ant,.s and all output adif() N/A
receiver heights
ek Effective earth radius aek APM_VAR
Qekst 4/3 effective earth’s radius aekst N/A
ainc, Angular increment for ray tracing to determine ainc1 N/A
grazing angles
ainc, Angular increment for ray tracing to determine ainc2 N/A
grazing angles
aincs; Angular increment for ray tracing to determine ainc3 N/A
grazing angles
Qaunch Launch angle used which, when traced, alaunch APM_VAR
separates PE and XO regions from the RO
region
o Source elevation angle ang N/A
oy Direct-path ray angle alphad APM_VAR
Ol The difference between current and previous angdif N/A
outgoing propagation angles
Oy LOG of antenna pattern factor for o; where oy ald N/A
represents lowest direct ray angle in optical
region
Olim Elevation angle of the RO limiting ray alflim N/A
Ofpat Elevation angle relative to the antenna udif N/A
elevation angle
o Reflected-path ray angle alphar N/A
Olier Tangent angle from antenna height to current alphax, N/A
terrain height terang
oy Maximum tangent ray angle from the source to angu N/A
the terrain peak along profile height
O,y Surface impedance term for horizontal or alphaq APM_VAR

vertical polarization
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Table 115. Variable name cross reference. (Continued)

SDD FORTRAN FORTRAN
variable source common
name Description code name block name
Amiim Elevation angle of RO limiting ray in radians. amlim N/A
Used to initialize launch angle in the GETTHMAX
SuU
Amxcur Maximum local angle along the traced ray up to amxcur N/A
Zjim (With minimum limit a,;,)
ant,; Antenna pattern parameter (depends on i, and afac APM_VAR
How)
antp Transmitting antenna height above local ground antht SYSTEMVAR
anty, Height-gain value at souce antko N/A
ant.qs Transmitting antenna height relative to hnter antref APM_VAR
as Propagation angle for start of ray trace as N/A
araft Array of angles after smoothing operation araft() N/A
arbef Array of angles before smoothing operation arbef() N/A
Astart Elevation angle at start of ray step astart N/A
Qtest Tangent angle used for automatic calculation of atest N/A
maximum propagation angle. Only used for
modes ipyprig = 0, 2.
)i) Terminal elevation angle ab N/A
By Direct ray terminal elevation angle betad N/A
i Reflected ray terminal elevation angle betar N/A
Ca Wide-angle propagator correction term cak N/A
Cix Constant used to propagate c,;, by one range c1x APM_VAR
step in central difference algorithm
Coy Constant used to propagate c,, by one range c2X APM_VAR
step in central difference algorithm
ck; Coefficient used in central difference form of ck1 APM_VAR
DMFT
cks Coefficient used in central difference form of ck2 APM_VAR
DMFT
cmft Coefficient used in backward difference form of cmft APM_VAR
DMFT
cmft, Constant used to propagate cmft by one range cmft_x APM_VAR
step in backward difference algorithm
Co Speed of light (299.79 x 10°® m/s) c0 N/A
con 10k, con APM_VAR
CNp7s Factor used in calculating filtp array cnp75 N/A
ct, Quantity defined in equ. 124 in EREPS 3.0 User’s ct1 N/A
Manual NRaD TD 2648, pp. 106
cty Quantity defined in equ. 125 in EREPS 3.0 User’s ct2 N/A

Manual NRaD TD 2648, pp. 106

185




Table 115. Variable name cross reference. (Continued)

SDD FORTRAN FORTRAN
variable source common
name Description code name | block name
curang Array of current local angles for each ray being curang() N/A
traced in XO region
curht Array of current local heights for each ray being curht() N/A
traced in XO region
curng Array of current local ranges for each ray being curng() N/A
traced in XO region
AFd)y’ Difference in direct ray magnitude along Axgo dfsdlo N/A
below desired APM output point
AFd,? Difference in direct ray magnitude along Axgo dfsdhi N/A
above desired APM output point
AFry? Difference in reflected ray magnitude along Axgo dfsrlo N/A
below desired APM output point
AFr,f Difference in reflected ray magnitude along Axgo dfsrhi N/A
above desired APM output point
AH, Frequency gain function correction term defined in delho N/A
equ. 127 in EREPS 3.0 User’'s Manual NRaD TD
2648, pp. 106
AL, Difference in total phase lag angle along Axgo danghi N/A
above desired APM output point
AL, Difference in total phase lag angle along Axgo danglo N/A
below desired APM output point
Ap Mesh size in angle- (or p-) space delp APM_VAR
Algr, PE range step used for calculation of grazing drgrz APM_VAR
angles
Aoyt Output range step drout APM_VAR
Arpe PE range step dr APM_VAR
Arpes Y2 PE range step dar2 APM_VAR
Altemp Range step for ray tracing drtemp N/A
A8 Angle difference between mesh points in p-space dtheta APM_VAR
AXro RO range interval delxRO APM_VAR
AZoyt Output height increment dzout APM_VAR
AzZpg PE mesh height increment (bin width in z-space) delz APM_VAR
d, Range from source to tangent point d1 N/A
d, Range from receiver to tangent point d2 N/A
d2s Array of tangent ranges for all output receiver d2s() N/A
heights over smooth surface
da Y% Upwr dalpha N/A
dielec 2-dimensional array containing the relative dielec(,) N/A

permittivity and conductivity; dielec, ; and dielec,,
respectively.
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Table 115. Variable name cross reference. (Continued)

SDD FORTRAN FORTRAN
variable source common
name Description code name block name
dxdo Derivative of range with respect to elevation dxda N/A
angle
dxday Derivative of range with respect to oy dxdad N/A
dxdo;, Derivative of range with respect to ¢, dxdar N/A
dzdoy Derivative of height with respect to oy dzdad N/A
dzdo, Derivative of height with respect to «; dzdar N/A
€x Effective earth’s radius factor ek APM_VAR
envpr Complex [refractivity] phase term array envpr() N/A
& Relative permittivity epsilon N/A
s Quantity defined in equ. 126 in EREPS 3.0 etas N/A
User’'s Manual NRaD TD 2648, pp. 106
flo) Antenna pattern factor for angle « patfac N/A
(%) Antenna pattern factor for angle & factr N/A
flag) Antenna pattern factor for direct ray facd N/A
f(-c) Antenna pattern factor for reflected ray facr N/A
farray Field array to be propagated one range step in farray() N/A
free space
Fd? Magnitude array, direct ray dmagsq(,) APM_VAR
Fas Propagation factor in dB ff, facdb N/A
Fagist Propagation factor in dB at previous range pfdblst N/A
ffacz 2-dimensional array containing propagation ffacz(,) N/A
factor, range, and propagation angle at z;;,
ffrout Array of propagation factors at each output ffrout() N/A
range beyond r,, and at height z;;,
filt Cosine-tapered (Tukey) filter array filt() N/A
filtp Array filter for spectral estimation calculations filtp() N/A
itz Frequency in MHz freq SYSTEMVAR
frag Frequency in MHz at which to perform grazing frqg N/A
angle calculations
frorm Normalization factor fnorm APM_VAR
f, Fractional bin used for interpolation fr N/A
Fr Magnitude array, reflected ray rmagsq(,) APM_VAR
fracro RO range interval fraction (0.0 to 0.25) fracRO N/A
Fra, Propagation factor in dB at range r,;, and height pfratz N/A
Ziim
frsp Complex free-space propagator term array frsp() N/A
fsl Free space loss array for output ranges fsl() N/A
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Table 115. Variable name cross reference. (Continued)

SDD FORTRAN FORTRAN
variable source common
name Description code name block name
£2 Square of coherent sum of directand reflected ffac2 N/A
sum rays
fior Logical flag indicating if terrain profile has been fter APM_VAR
specified:
.true. = terrain profile specified
false. = terrain profile not specified
fv Fraction range for profile interpolation fv N/A
% Surface specific attenuation gammaa REFRACTIVITY
% Oxygen absorption gammao N/A
Yo Water absorption gammaw N/A
I, Complex reflection coefficient for horizontal or refcoef N/A
vertical polarization
9asay Gaseous absorption attenuation rate gasatt APM_VAR
9aSioss Gaseous absorption loss at range ryy gasloss APM_VAR
agr Intermediate M-unit gradient array, RO region ar() N/A
grad 2-dimensional array containing gradients of grad(,) N/A
each profile used in XO calculations
Ord Refractivity gradient grd N/A
grdum Array of refractivity gradients defined by profile grdum() N/A
htdum and refdum
ho Height at start of ray trace step hO N/A
hy Height at end of ray trace step h1 N/A
H, Quantity defined in equ. 120 in EREPS 3.0 hor1 N/A
User’'s Manual NRaD TD 2648, pp. 106
H, Quantity defined in equ. 121 in EREPS 3.0 hor2 N/A
User’'s Manual NRaD TD 2648, pp. 106
hfang Cut-back angles in degrees hfang() N/A
hfangr Array of height-finder cut-back angles in radians hfangr() N/A
hffac Cut-back antenna pattern factors hffac() N/A
Hiarge Maximum height limit for last level in hlarge N/A
height/refractivity profiles
hlim Array containing height at each output range hlim() N/A
separating the RO region from the PE (at close
ranges) and XO (at far ranges) regions
Rimax Maximum output height with respect to mean hmax INPUTVAR
sea level
Rimin Minimum output height with respect to mean hmin INPUTVAR
sea level
Rminter Minimum height of terrain profile hminter APM_VAR
hmyes Height relative to hpinter hmref APM_VAR
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Table 115. Variable name cross reference. (Continued)

SDD FORTRAN FORTRAN
variable source common
name Description code name | block name
hmsl 2-dimensional array containing heights with hmsil(,) N/A
respect to mean sea level of each L)rofile. Array
format must be hmsl;; = height of /" level of /"
profile; j=1 for range-independent cases
h, Effective scattering height - defined in equ. 109 in hO N/A
EREPS 3.0 User's Manual NRaD TD 2648, pp.
105
H, Frequency gain function defined in equ. 119 in bigh N/A
EREPS 3.0 User's Manual NRaD TD 2648, pp.
106
href Heights of refractivity profile with respect to y,.f href() N/A
hs Height for start of ray trace hs N/A
Rstart Starting height for ray trace to fill array hliim hstart N/A
ht PE mesh height array of size ng ht() N/A
htdum Height array for current interpolated profile htdum() N/A
htemp Heights at which ray is traced to every range in htemp() APM_VAR
rtemp
hier Height of terrain at end of ray trace step hter N/A
Riermax Maximum terrain height along profile path htermax N/A
Ntest Minimum height at which all trapping refractivity htest N/A
features are below
htfe Array containing the height at each output range htfe() N/A
separating the FE region from the RO region (full
hybrid mode), or the FE region from the PE region
(partial hybrid mode)
Rinick Thickness of highest trapping layer from all hthick N/A
refractivity profiles
htjim Maximum height relative to hpnter htlim APM_VAR
htr 2-dimensional array containing heights of each htr() N/A
profile used in XO calculations
hirap Height of highest trapping layer from all refractivity htrap N/A
profiles
htydif htiim = Yrer htydlf APM_VAR
falg Integer flag indicating which DMFT algorithm is ialg APM_VAR
being used:
0 = no DMFT algorithm will be used
1 = use central difference algorithm
2 = use backward difference algorithm
iap Index indicating when the local ray angle becomes iap APM_VAR
positive in array raya
Terr Return error code ierr N/A
Ierror Error flag — traps for various errors dependent on ierror N/A

the calling SU
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Table 115. Variable name cross reference. (Continued)

SDD
variable
name

Description

FORTRAN
source
code name

FORTRAN
common
block name

lextra

[ flag

’ﬂag

’ﬂag

lgrz

Extrapolation flag for refractivity profiles entered
in combination with terrain below below mean
sea level
0 = extrapolate to minimum terrain height
standard atmosphere gradient
1= extrapolate to minimum terrain height
using first gradient in profile

Flag indicating whether to determine maximum
FFT size ng based on given 6,,,, and z;,, or
determine z;,, based on given O,,.cand FFT
size ng.

Flag to indicate which transform to perform
0 = cosine transform
1 = sine transform
-1 = deallocates all allocated arrays

Integer flag indicating what region reflection
coefficient is being computed

0 = FE and RO regions

1 = PE region

Counter indicating current ground type being
modeled

Number of grazing angles computed from
spectral estimation

Number of different ground types specified

Number of grazing angles computed from ray
trace

Index of current gradient level in grad

Integer indexes indicating at what refractive
gradient level to begin ray tracing for next XO
range step for each ray in XO region

Integer array containing ground type
composition for given terrain profile - can vary
with range. Different ground types are:

0 = sea water

1 = fresh water

2 = wet ground

3 = medium dry ground

4 = very dry ground

5=ice at -1 degree C

6 = ice at -10 degree C

7 = user defined (in which case, values of

relative permittivity and conductivity must

be given).

Number of grazing angles computed from ray
trace
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iextra

iflag

iflag

iflag

igpe

igr
igrz

igrad
igrd()

igrnd()

igrz

REFRACTIVITY

N/A

N/A

N/A

APM_VAR
APM_VAR

TERRAIN
APM_VAR

N/A
N/A

N/A

APM_VAR



Table 115. Variable name cross reference. (Continued)

SDD FORTRAN FORTRAN
variable source common
name Description code name block name
ihmx Output range step index where height ht);,, is ihmx APM_VAR
reached in array hlim
Inybrid Integer indicating which sub-models will be used: ihybrid APM_VAR
0 = pure PE model
1 = full hybrid model (PE + FE + RO + XO)
2 = partial hybrid model (PE + XO)
A Starting index for mpfl array: io APM_VAR
0 = 1* calculated output point is at surface
1 = 1% calculated output point is at height
Azout
forg Integer flag indicating origin of calling SU iorg APM_VAR
0 = called from APMINIT CSC
1 = called from TROPOINIT SU
Ip1 First output height point index in zout where ip1 N/A
propagation loss will be computed at previous PE
range
Ip2 First output height point index in zout where ip2 N/A
propagation loss will be computed at current PE
range
Ipat Antenna pattern type ipat SYSTEMVAR
1 = Omni-directional
2 = Gaussian
3 = Sine(x)/x
4 = Cosecant-squared
5 = Generic height-finder
6 = User-defined height-finder
7 = User-defined antenna patter
ipe Number of PE range steps ipe APM_VAR
Ipeak Bin # in spectr corresponding to the peak ipeak N/A
magnitude
IpEstp Counter indicating current PE range step ipestp N/A
ol Polarization flag ipl N/A
0 = horizontal
1 = vertical
Ipol Polarization flag: ipol SYSTEMVAR
0 = horizontal polarization
1 = vertical polarization
lquit Integer flag indicating to quit tracing current ray iquit N/A
and begin again with a new launch angle
Iratz Index of output range step in which to begin iratz APM_VAR
storing propagation factor and outgoing angle for
XO region
iron Array index for next range in RO region iRON APM_VAR
irop Array index for previous range in RO region iROp APM_VAR
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Table 115. Variable name cross reference. (Continued)

SDD FORTRAN FORTRAN
variable source common
name Description code name | block name
irp Counter for current refractivity/gradient profile irp N/A
being used from grad
Irps Starting index counter for refractivity profiles irps N/A
Irtemp Temporary number of range steps (used for ray irtemp APM_VAR
tracing)
fs Counter for current profile is APM_VAR
Istart Array index for height in RO region istart APM_VAR
corresponding to ant,.
Istartt Refractivity level index within htdum at ant,.¢ istart1 APM_VAR
lstp Current output range step index istp N/A
isz Number of points over which to perform average isz N/A
smoothing
frp Number of height/range points in profile itp TERRAIN
ltpa Number of height/range points pairs in profile tx, itpa APM_VAR
ty
itype Ray type (direct or reflected) flag itype N/A
0 = direct
1 = reflected
ixo Number of range steps in XO calculation region ixo APM_VAR
Ixostp Current output range step index for XO ixostp N/A
calculations
iz Number of propagation factor, range, angle iz APM_VAR
triplets stored in ffacz
lizg Number of output height points corresponding to izg APM_VAR
local ground height at current output range rout
iZine Integer increment for storing points at top of PE izinc APM_VAR
region (i.e., points are stored at every iz;,. range
step)
iZmax Maximum number of points allocated for arrays izmax APM_VAR
associated with XO calculations
Jae Ending index within mpfl of airborne loss values jae N/A
Jas Starting index within mpfl of airborne loss values jas N/A
Je Ending receiver height index at which to compute je N/A
troposcatter loss
Jend Index at which valid loss values in mpfl end jend N/A
Jre Ending index within mpfl of FE loss values jfe N/A
Jis Starting index within mpfl of FE loss values ifs N/A
Jmax Array index for maximum output height in RO jmax N/A
region
Jmin Array index for minimum output height in RO jmin N/A
region
Jpe Ending index within mpfl of PE loss values jpe N/A
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Table 115. Variable name cross reference. (Continued)

SDD FORTRAN FORTRAN
variable source common
name Description code name block name
Jos Starting index within mpfl of PE loss values jps N/A
Jre Ending index within mpfl of RO loss values jre N/A
Jrs Starting index within mpfl of RO loss values jrs N/A
Js Refractive profile index for start of ray trace js N/A
Js Starting receiver height index at which to compute is N/A
troposcatter loss
Jstart Index at which valid loss values in mpfl start jstart N/A
jt2 Index counter for tx and ty arrays indicating jt2 APM_VAR
location of receiver range
Jxe Index at which valid loss values in mpfl end jxe N/A
Jxs Index at which valid loss values in mpfi start jxs N/A
Ixstart Starting index within mpfl of XO loss values jxstart N/A
1Ziim PE bin # corresponding to z;y, i.e., Zim = jZiim AZpe jzlim APM_VAR
Kaps Gaseous absorption calculation flag: kabs N/A
0 = no absorption loss
1 = compute absorption loss based on air
temperature t,; and absolute humidity abs,,m
2 = compute absorption loss based on
specified absorption attenuation rate y,
Kpin Number of bins complex PE field is to be shifted kbin N/A
ki k index above desired point khi N/A
ko k index below desired point klo N/A
Kinax Array index for maximum angle in RO region at kmax APM_VAR
range Xgon
Kuminn Array index for minimum angle in RO region at Kminn APM_VAR
range Xgon
Kiminp Array index for minimum angle in RO region at kminp APM_VAR
range Xgrop
ko Free-space wave number fko APM_VAR
Ktemp Temporary k;, value klotmp N/A
A Wavelength wi APM_VAR
L Propagation loss dloss N/A
L gir Difference between propagation loss and dif N/A
troposcatter loss
Lauet Logical flag indicating if surface-based duct profile Iduct APM_VAR
has been specified
‘.true’. = surface-based duct exists
‘false.” = no surface-based duct exists
lerr6 User-provided error flag that will trap on certain lerré ERRORFLAG

errors if set to “.true.’
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Table 115. Variable name cross reference. (Continued)

SDD FORTRAN FORTRAN
variable source common
name Description code name block name
lerr12 User-provided error flag that will trap on certain lerr12 ERRORFLAG
errors if set to “.true.’
lovap Logical flag indicating if evaporation duct profile levap APM_VAR
has been specified
‘.true’. = evaporation duct exists
‘false.” = no evaporation duct exists
levels Number of levels in gr, g and zrt arrays levels APM_VAR
Ly Free space loss fsloss N/A
hhew Temporary refractivity level counter newl N/A
Ing Power of 2 transform size, i.e., nfﬂ=2'”fft In APM_VAR
N in Minimum power of 2 transform size Inmin APM_VAR
In, Power of 2 transform size used in spectral Inp APM_VAR
estimation calculations; i.e., n, = 2"
vi Number of height levels in each profile used in IvI() N/A
XO calculations
Iviep Number of height/refractivity levels in profile Ivlep APM_VAR
refdum and htdum
Ivip Number of height/refractivity levels in profiles Ivip REFRACTIVITY
m Size of array arbef m N/A
mpf] 2-dimensional propagation factor and loss array mpfi N/A
Ho Antenna elevation angle in degrees elev SYSTEMVAR
Hor Antenna pattern elevation angle in radians elv APM_VAR
How Antenna vertical beamwidth in degrees bwidth SYSTEMVAR
Howr Antenna vertical beamwidth in radians bw APM_VAR
Miim Limiting elevation angle - no more than 10° elv_lim N/A
Hinax Limiting angle for Sin(X)/X and generic height- umax APM_VAR
finder antenna pattern factors
N34 Y4 N n34 APM_VAR
ny Ya Negy n4 APM_VAR
nc? Array of complex dielectric constants cn2() N/A
N Transform size n APM_VAR
Nfacs Number of user-defined cut-back angles and nfacs SYSTEMVAR
cut-back pattern factors
nivl Number of levels in new profile nivl APM_VAR
N1 N1 nm1 APM_VAR
Nope Integer flag indicating if PE calculations are nope APM_VAR

needed:
0 = PE calculations needed
1 = no PE calculations needed
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Table 115. Variable name cross reference. (Continued)

SDD FORTRAN FORTRAN
variable source common
name Description code name block name
Np34 Y4 ny np34 APM_VAR
Np4 Ya ng np4 APM_VAR
ne Number of bins in upper PE region to consider npnts APM_VAR
for spectral estimation
Nprof Number of refractivity profiles nprof REFRACTIVITY
Nray Number of rays used for ray trace to determine nray N/A
grazing angles
Nrout Integer number of output range points desired nrout INPUTVAR
Ng Transform size for spectral estimation ns APM_VAR
calculations
Nyo Number of rays traced, i.e., height points, in XO nxo N/A
region
Nyout Integer number of output height points desired nzout INPUTVAR
Ny Number of wind speeds nw REFRACTIVITY
Q Total phase angle phdif N/A
Q Total phase angle array omega(,) N/A
Ws Interpolated wind speed wnd N/A
PEfag Flag to indicate use of PE algorithm only: peflag INPUTVAR
‘.true.” = only use PE sub-model
‘false.” = use automatic hybrid model
Pelev Sine of antenna elevation angle pelev APM_VAR
1) Phase lag angle of reflected ray rphase N/A
Plenst Constant used in determining propagation loss plcnst APM_VAR
(Plonst = 20 10g10(2 ko))
ply Path length difference from range x for direct pld N/A
ray
Pelev Sine of antenna elevation angle pelev APM_VAR
pl, Path length difference from range x for reflected plr N/A
ray
Pmag Interpolated magnitude of complex PE field pmag N/A
prfhxo 2-dimensional array of propagation factor and prfh_xo N/A
heights for each ray traced in XO region to
range rou
profint Profile interpolated to every Azp¢ in height profint() N/A
74 Grazing angle psi, N/A
angle
v Array of interpolated grazing angles at each PE graze() N/A
range step
Vim Grazing angle of limiting ray psilim APM_VAR
WpE Array containing grazing angles computed from arz_pe() N/A

spectral estimation of PE field
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SDD FORTRAN FORTRAN
variable source common
name Description code name | block name
Vray 2-dimensional array containing grazing angles and grz_ray(,) N/A
corresponding ranges computed from ray trace
q Intermediate M-unit difference array, RO region q() N/A
o Quantity defined in equ. 128 in EREPS 3.0 User’s qt N/A
Manual NRaD TD 2648, pp. 107
r Current PE range r N/A
I Range at start of ray trace step ro N/A
ry Range at end of ray trace step r1 N/A
ry Path length for direct-ray path r1 N/A
ry Quantity defined in equ. 122 in EREPS 3.0 User’s r1 N/A
Manual NRaD TD 2648, pp. 106
r Path length for reflected-ray path r2 N/A
r Quantity defined in equ. 123 in EREPS 3.0 User’s r2 N/A
Manual NRaD TD 2648, pp. 106
Fange Range for profile interpolation range N/A
ratio Fractional range term used for interpolation ratiox N/A
ratioy Fraction of one k index (0 to 1) ratiok N/A
otz Range at which z;, is reached (used for hybrid ratz APM_VAR
model)
raya Array containing all local angles of traced ray ajaynch raya() APM_VAR
at each ipemp range
it Minimum M-unit value above height ant,. rcrit N/A
rdif; Range difference between adjacent terrain points rdif1 N/A
rdif, Range difference between adjacent terrain points rdif2 N/A
T difsum Sum of adjacent terrain point differences rdifsum N/A
rat Array of minimum ranges at which diffraction field rdt() N/A
solutions are applicable (for smooth surface) for all
output receiver heights
refdum M-unit array for current interpolated profile refdum() N/A
refmsl 2-dimensional array containing refractivity with refmsl(,) N/A
respect to mean sea level of each profile. Array
format must be refms/;; = M-unit at /" level of /"
profile; j=1 for range-independent cases
refref Refractivity profile with respect to y,.r refref() N/A
rs Constant used for troposcatter calculations rf APM_VAR
rfac1 Propagation factor at valid output height points rfac1() N/A
from PE field at range r.s
refmsl 2-dimensional array containing refractivity with refmsl(,) N/A

respect to mean sea level of each profile. Array
format must be refms/;; = M-unit at /" level of /"
profile; j=1 for range-independent cases
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SDD FORTRAN FORTRAN
variable source common
name Description code name block name
refref Refractivity profile with respect to y,.r refref() N/A
I Constant used for troposcatter calculations rf APM_VAR
rfact Propagation factor at valid output height points rfac1() N/A
from PE field at range r.s
rfac2 Propagation factor at valid output height points rfac2() N/A
from PE field at range r
Ifix Fixed range increment of terrain profile rfix N/A
It Maximum range at which the terrain profile rflat N/A
remains flat from the source
ltrac Ratio between adjacent terrain point differences rfrac N/A
rgrnd Array containing ranges at which varying ground rgrnd() N/A
types apply
Thor Radio horizon range rhor APM_VAR
Thor1 Minimum range at which diffraction field solutions rdhor1 N/A
are applicable - determined for O receiver height
Ry Constant used to compute coefficients in central rk APM_VAR
difference form of the DMFT
Tast Previous PE range rlast N/A
log 10 logqo( PE range r) rlog APM_VAR
rlogo Array containing 20 times the logarithm of all rlogo() N/A
output ranges
Foglst 10 logo(previous PE range r.s) rloglst APM_VAR
rloss Propagation loss rloss() N/A
rm Intermediate M-unit array, RO region rm() N/A
Rmag Magnitude of reflection coefficient rmag N/A
Fmax Maximum specified range rmax INPUTVAR
Imid Range at which interpolation for range-dependent rmid N/A
profiles is performed
M pax Maximum M-unit value of refractivity profile at rmmax N/A
range 0
Mpin Minimum M-unit value of refractivity profile at range rmmin N/A
0
My M-unit value at height ant,. rmtx APM_VAR
Fonuit PE range step multiplication factor rmult INPUTVAR
m Array of Ry to the /" power (e.g., m;= R}) () N/A
rngout Array containing all desired output ranges rngout() N/A
rngprof Ranges of each profile: rngprof; = range of /" rngprof() N/A
profile
rngwind Ranges of wind speeds entered: rngwind, = range rngwind N/A

of /" wind speed
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SDD FORTRAN FORTRAN
variable source common
name Description code name | block name
Io Current ending range for ray trace step ro N/A
Fout Current output range rout N/A
Foest Range at which PE loss values will start being rpest APM_VAR
calculated
rs Range for start of ray trace rs N/A
T'skip Approximate range interval of skip zone if duct is rskip N/A
present
I'siope Ray slope used in determining reflection point over rslope N/A
terrain
I'sq Square of current output range rsq N/A
Fsqk Earth curvature correction factor rsqk N/A
rsqrd Array containing the square of all desired output rsqrd() N/A
ranges
Rt Complex root of quadratic equation for mixed rt APM_VAR
transform method based on Kuttler’s formulation
rt rf multiplied by ant rit APM_VAR
rtemp Range steps for tracing to determine maximum PE rtemp() APM_VAR
angle
list Range at which to begin RO calculations (equal to rtst N/A
2.5 km)
ruf Logical flag indicating if rough sea surface ruf APM_VAR
calculations are required
“true.’ = perform rough sea surface
calculations
‘false.” = do not perform rough sea surface
calculations
rufee Factor used for wave height calculation ruf_fac APM_VAR
rufy Sea surface rms wave height ruf_ht APM_VAR
rv, Range of the previous refractivity profile rvi N/A
v, Range of the next refractivity profile rv2 APM_VAR
o Conductivity sigma N/A
s Quantity defined equ. 110 in EREPS 3.0 User’s s N/A
Manual NRaD TD 2648, pp. 105
Shw Sine of antenna vertical beam width sbw APM_VAR
Sgain Normalization factor used in starter field calculation sgain N/A
sip Slope of each segment of terrain slp() N/A
Shy Term used in troposcatter loss calculation sn1 N/A
snref Surface refractivity snref N/A
snrefy, Surface refractivity at transmitter snref_tx APM_VAR
spectr Spectral amplitude of field spectr() N/A
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SDD FORTRAN FORTRAN
variable source common
name Description code name block name
0 Array of angles used to determine common thetaO() N/A
volume scattering angle
* Tangent angle from source height theta1 N/A
% Tangent angle from receiver height theta2 N/A
¥ Tangent angle from source (for smooth thetals APM_VAR
surface)
v¥2s Array of tangent angles from all output receiver theta2s() N/A
heights - used with smooth surface
vt Array of tangent angles from source height - th1() N/A
used with terrain profile
Orax Maximum propagation angle in PE calculations thetamax N/A
DOrnxg Maximum PE calculation angle for spectral thmxg N/A
estimation of grazing angles
Ors 75% of maximum propagation angle in PE theta75 APM_VAR
calculations
Dout Outgoing propagation angle determined at top thout N/A
of PE region
o Common volume scattering angle theta N/A
6 Angular interval limit for ray trace in degt N/A
determining grazing angles
tair Air temperature near the surface tair REFRACTIVITY
terx Range points of terrain profile terx() N/A
tery Height points of terrain profile tery() N/A
thmax Visible portion of maximum PE calculation thmax INPUTVAR
angle
toss Troposcatter loss in dB tloss N/A
tist Troposcatter loss term tist N/A
tlst, Troposcatter loss term for smooth surface case tists APM_VAR
tist,, Troposcatter loss term used in TROPOSCAT tsltwr APM_VAR
SU
Tropo Troposcatter calculation flag: tropo INPUTVAR

‘false.’= no troposcatter calcs
‘.true.’ = troposcatter calcs

twoka Twice the effective earth’s radius twoka APM_VAR
twokagown | Twice the effective earth radius for downward twoka_down APM_VAR
path
tx Range points of terrain profile tx() N/A
ty Adjusted height points of terrain profile ty() N/A
tyh Adjusted height points of sampled terrain tyh() N/A
profile at every PE range step
U Complex field at current PE range r u() N/A
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SDD FORTRAN FORTRAN
variable source common
name Description code name block name
Udum Dummy array used for temporary storage of real or udum() N/A
imaginary part of complex PE field array U
Ulast Complex field at previous PE range rj.s ulst() N/A
w Difference equation of complex PE field w() N/A
wind Array of wind speeds wind() N/A
X Current output range X N/A
X Field array to be transformed - dimensioned 2" in x() N/A
calling SU
xdum Real part of complex field array xdum() N/A
XOcon Constant used in determining o3, xocon APM_VAR
xp Real part of spectral field xp() N/A
X, Terminal range - called xgo, in ROCALC SU rout N/A
Xrefloct Range at which ray is reflected xreflect N/A
XRon Next range in RO region xROn APM_VAR
XRop Previous range in RO region xROp APM_VAR
Xtemp Temporary range in ray trace step xtemp N/A
Xsum Running sum of range during ray trace Xsum N/A
XX Fractional range for interpolation XX N/A
Yeh Height of terrain at the current PE range relative to ych N/A
hmref
Yeur Height of ground at current range r ycur APM_VAR
Yourm Height of ground midway between last and current ycurm APM_VAR
PE range
Yaiff Yeur Yiast Yd iff N/A
ydum Imaginary part of complex field array ydum() N/A
Yiref Ground elevation height at source yfref APM_VAR
Yiast Height of ground at previous range rj, ylast APM_VAR
Yin Height of terrain at the previous PE range relative ylh N/A
to hmr
ym Particular solution of difference equation ym() N/A
yp Imaginary part of spectral field yp() N/A
Yref Ground elevation height at current range yref N/A
Z4 Terminal height of direct ray zd N/A
Zint Interpolated terrain elevation at current output zint N/A
range
Z Height of K" RO index zk N/A
Ziim Height limit for PE calculation region zlim APM_VAR
Ziimt ht;=107° zlimt N/A
Zmax Total height of the FFT/PE calculation domain zmax APM_VAR
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SDD FORTRAN FORTRAN
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zout Array containing all desired output heights zout() N/A
referenced to hinter
zoutma Array output heights relative to “real” ant s zoutma() N/A
zoutpa Array output heights relative to “image” ant,.¢ zoutpa() N/A
Z, Receiver height height, zr N/A
zro Array of output heights in RO region zro() N/A
zrt Intermediate height array, RO region zrt() N/A
Ztest Height in PE region that must be reached for ztest N/A
hybrid model
Ztol Height tolerance for Newton's method ztol APM_VAR
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APPENDIX A
FORTRAN SOURCE CODE FOR APM CSCI

A.1 SUBROUTINE APMINIT

! Version 1.3.1

I Author: Amalia E. Barrios

! SPAWARSYSCEN SAN DI EGO D858
! 49170 Propagati on Path

! San Diego, CA 92152-7385

! phone: (619) 553-1429
! fax: (619) 553- 1417

! Summary: These routines nodel tropospheric radi owave propagation over

! variable terrain and cal cul ates propagation |oss vs. height and

! range. Propagation |oss is displayed in dB contours on a height vs.
! range plot. APMis based on the Radi o Physical Optics (RPO nodel

! devel oped by Herb H tney (SPAWARSYSCEN SAN DIEGD) and the Terrain

! Par abol i ¢ Equation Mdel (TPEM devel oped by Amalia Barrios

! ( SPAWARSYSCEN SAN DI EGD). The parabol i c equation sub-nodel is based
! on the split-step Fourier PE nmethod and was originally devel oped

! froman early PE nodel called PEPC, witten by Fred Tappert.

! Propagation | oss over variable terrain is nodel ed by shifting

! the field an appropriate nunber of bin wi dths correspond-

! ing to the height of the ground. The field is determ ned using the
! smooth earth PE nmethod. A hybrid capability is also included for

! limted cases (low antenna heights and/or initial flat terrain).

! The hybrid nodel consists of a flat earth (FE) region at very high
! angles, a ray-optics (RO nodel at intermediate angles, and

! the split-step PE nodel bel ow the | owest RO angle. An extended

! optics nmodel (XO is used at heights above the PE region

! and at ranges beyond the RO region.

| khkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhdhhhdhdhhhdhdhdhdhdhdhdhdhdhdhdhdhkdhkdhddrkdhkdkdhkdkdrkdrkdrkdrkdrkdrkdrkdrkdrkdrdkdxx

! Variables in snall letters in parameter lists are variables that are input
! or passed to called subroutines. Variables in CAPS in paraneter lists are
! returned fromthe call ed subroutines.

| R R R R SRS E SRR EEEEEEEEEEEEEEEE SUBRQJTI NE APM NIT IR R R RS EEEEEREEEEREEEEEEEEEEE S

I Modul e Nane: APM N T
I Modul e Security O assification: UNCLASSI Fl ED

Purpose: Initializes all variables used in APM subroutines for FE, RO
and PE cal culations. After initial units conversions have been
done, all calculations are in metric units. Height and range
values are in neters and angles are in radians.

! Version Nunmber: 1.3.1

I | NPUTS:

! Argunent List: NONE

! Common: ABSHUM ANTHT, BWDTH, ELEV, FREQ GAWAA, HMAX, HM N, | GR | PAT,
! IPOL, ITP, NW LERR6, LERR12, LVLP, NFACS, NPROF, NRQUT, NwW

! NZQUT, PEFLAG RMAX, TAIR, THVAX, TROPO

! Public: D ELEC(,), HFANGE), HFFAC(), HWBL(,), IGRND(), REFMBL(,), RGRND(),
! RNGPROF(), RNGW ND(), TERX(), TERY(), WNX)

! Par ameters: Pl

! Data: CO, DEGs, |ISM RADC, RTST

QUTPUTS:
Argument List: | XOSTP, | ERRCOR
Common: Mst variables in common bl ock APM VAR
Public: Al public arrays.
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I Modul es Used: APM MOD
I Calling routines: NMAIN DRI VER PROGRAM

! Routines called:

! APM Speci fic: ALLARRAY_APM ALLARRAY PE, ALLARRAY RO, ALLARRAY XORUF,

! ALN INIT, DEINT, FFTPAR FILLHT, GASABS, GET_K, GETGRAZE,

! CETMODE, GETTHVAX, GRAZE I NT, |NTPROF, PEIN T, PROFREF,

! REFINIT, REMDUP, TERINIT, TROPON T

! Intrinsic: ALLOCATE, ALLOCATED, ANY, DCOS, DABS, DATAN, DBLE, DEALLQOCATE,

! DLOGLO, DwvAX1, DM N1, DSI G\, DSIN, DSQRT, | DI NT, |IDN NT, MAXO, M NO

| GLOSSARY: See universal glossary for comon vari abl es, data vari abl es
! public arrays, and paraneters.

! I nput Variabl es: NONE

! Qut put Vari abl es:

! | XCSTP = I ndex of output range step at which XO nodel is to be applied.
! | ERROR = Integer value that is returned if any errors exist in input

! dat a:

! -6 : Last range in terrain profile is |ess than RVAX

! (WI1l only return this error if error flag LERR6

! is set to .TRUE.).

! -7 : Specified cut-back angles are not increasing. This is

! only tested for user-defined height-finder antenna

! pattern.

! -8 : HVAX is | ess than maxi mum hei ght of terrain profile.

! -9 : Antenna height wr.t. nsl nust be | ess than maxi mum

! hei ght HVAX.

! -10 : Beamnidth is less than or equal to zero for directional

! antenna pattern.

! -11 : Nunmber of antenna pattern or power reduction factors and
! angles (I PAT=6 or 7) is less than or equal to 1. For

! | PAT=6, NFACS nust be at least 1; for |PAT=7, NFACS nust
! be at |east 2.

! -12 : Range of last refractivity profile entered (for range

! dependent case) is less than RMAX. (This is returned

! fromsubroutine REFINIT). WII only return this error

! if error flag LERRL2 is set to .TRUE.).

! -13 : Height of first level in any user-specified refrac-

! tivity profile is greater than 0. First hei ght nust

! be at ms.l. (0.) or <0. if belowms.I.

! -14 : Last gradient in any refractivity profile entered is

! negative. (This is returned fromREFINT).

! -17 : Range points of terrain profile are not increasing.

! -18 : First range point is not O.

! -19 : Hevation angle specified (for | PAT > 1) nust be less than
! 10 degrees.

! -25 : Specified PE-only flag but did not specify a maxi num

! PE cal cul ation angl e.

! -41 : Transmitter height is less than 1.5 m

! -42 : M nimum hei ght input by user (HMN) is greater then

! maxi mum hei ght ( HVAX) .

! -43 : Transformsize is greater than 2**30. Lower antenna hei ght
! or frequency. Check geonetry between antenna hei ght and

! any terrain features.

! -44 : Conbination of frequency and antenna beanw dth results
|

! in antenna bel ow the surface. Increase frequency
or

! beanwi dt h for valid conbinati on. CAN OVERRI DE W TH
PE- ONLY

! OPTI ON BUT MUST SPECI FY MAXI MUM PE PROPAGATI ON
ANGLE.

! -45 : Wnd speed specified is greater than 10 ms. CAN OVERRI DE
! WTH PE-ONLY OPTI ON BUT MUST SPECI FY MAXI MUM PE

PROPAGATI ON
! ANGLE.

! Local Vari abl es:
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! ALFLIM = El evation angle of ROIliniting ray in radians. Used to

! initialize launch angle in GETTHVAX routi ne.

! ANGU = Maxi mum tangent ray angle fromsource to terrain peak

! al ong profile path.

! ATEST = Tangent angle used for automatic cal cul ati on of naxi mum

! propagation angle. Only used for nodes IHYBRID = 0, 2.

! DI AM = Physi cal antenna dianeter required for specified vertical beanw dth
! and frequency - used only for directional antenna patterns.
! FRQG = Frequency in MHz at which to perform grazing angl e calcs.

! HWX = Maxi mum hei ght to use when conputing a nmaxi mum propagati on

! angle for PE calculations. Only used for nodes | HYBRI D=0, 2.
! HTERVAX = Maxi numterrain height along profile path in nmeters.

! HTEST = M ni mum hei ght in neters at which all trapping

! refractivity features are bel ow (includes sone slop).

! HTHI CK = Thi ckness in nmeters of highest trapping |ayer fromall

! refractivity profiles.

! HTRAP = Hei ght of highest trapping layer in neters fromall

! refractivity profiles.

! KABS = Integer flag indicating whether or not to conpute gaseous
! absorption loss. KABS=0 no absorption | oss; KABS=1 conpute
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

absorption | oss based on air tenperature TAIR and absol ute
hum dity ABSHUM KABS=2 conpute absorption | oss based on specified
absorption attenuation rate GAMVAA
RFIX = If terrain profile points are equally spaced, this is
automatically determ ned and range spacing is set to RFIX,
ot herwi se, RFIX = 0.
RFLAT = Maximumrange in neters at which the terrain profile
remains flat fromthe source.
RWAX = Maxi mum M-unit val ue (x10e-6) of refractivity profile at
range O.
RW N = M ni num Munit val ue (x10e-6) of refractivity profile at
range O.
THETAVAX = Maxi mum propagati on angle used in PE calcs.
THWXG = Maxi num PE propagation angle for grazing angle calcs (3 degrees
+ 1/3 for filtering).
ZTEST = This is the mnimum hei ght at which the PE nodel nust
reach in order to contain all necessary refractivity and/or
terrain features.

subroutine apmnit( | XOSTP, | ERROR )
use apm nod

inplicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

data sdegl0 / .173648177d0 / 1'Sine of 10 degrees
data sdegl5 / .258819045d0 / ! Sine of 15 degrees
data frqg, thmxg / 10000.dO, 6.981317d-2 / 110 GHz, 3/.75 degrees

! Initialize variables.

pi2 = .5d0 * p
ierror =0
nope = 0

isn2 =ism/ 2
ek = 0.
thetamax = 0
kabs = 0
gasatt = 0.d0
rpest = 0.d0

ipe =0

terang = -99.d0
iz =1

ruf _fac = 0.
igrz =0

ruf = .fal se.
ihybrid = -1
ixo =0

ixostp =0
io=1- ipol
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I Check
I not,
110 m

if( nw
if( ruf

if(
end if

to see that actual

then set roughness flag to '.false.' A so check for wind speed limt of
S.

.gt. 0) ruf =any( wind .gt. 1.d-2 )

) then

(any( wind .gt. 10.d0 )) .and. (.not. peflag)) ierror = -45

non-zero wi nd speed val ues have been provi ded.

! Initialize flags for absorption cal cul ations.

if(( ta

if( gammaa .ne. 0.

if( hm
ierr
retu
end if

ir .ne. 0. ) .or.

) kabs = 2

n .ge. hmax ) then
or = -42
rn

( abshum.ne. 0. )) kabs =1

I'Performerror and linit checking only if PEFLAG has not been set (i.

lusi ng

if( .no

hybri d net hods) .

t. peflag ) then

! Check on value of transmtter antenna height.

if(

i (
end if
I Put |
r max

hmax
hm n

dzout =
drout =

itpa =

call al
if( ier

antht .1t. 1.5d0 )
ierror .ne. 0) return

ower limt on HVAX and RVAX
dmax1( rnax,
dmax1( hmax,
dm n1l( hmn,

5000. d0 )
100.d0 ) ! Set
hrax- 100. dO )

(hmax-hmn) / dble( nzout )
rmax / dble( nrout )

itp + 1

larray_apm | ERROR)
ror .ne. 0) return

ierror = -41

I Set nmax.
nax.

range to no less than 5 km
hei ght to no |l ess than 100 m

Cal cul ate constants used to determ ne antenna pattern factor

1

I | PAT
I | PAT
I I PAT
I | PAT
I | PAT
I | PAT
I | PAT

if((ip
if((ip
if( ier
if(Cip
hf an
do i

if( hfangr(i+1) .It.

end
if(
end if

-> omi

-> gaussi an

-> sinc x

-> csc**2 X

-> generic height -finder

~NOoO O WNE

at .eq. 7))
at .eq. 6)
ror .ne. 0)

.and. ( nfacs .le.
.and. ( nfacs .eq
return

at .eq. 6 ) .or.
gr = hfang * radc
= 1, nfacs-1

( ipat

do

ierror .ne. 0 ) return

-> user -defined hei ght -fi nder
-> user -defined antenna pattern

-11
-11

ierror
ierror

1))
0))

.eq. 7)) then

hfangr(i) ) ierror = -7

I Check for limts on beamni dth and el evation angl e.

if((ipa
if(

t .gt. 1) .and.
bwidth .le.

(i pat .ne.
1.d-4 ) ierror

7) .and.
=-10

(.not. peflag)) then
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if( dabs(elev) .gt. 10.d0 ) ierror = -19
end if
if( ierror .ne. 0) return

if((ipat .eq. 1) .or. (ipat .eq. 7)) bwidth = 45. ! For RO cal cul ati ons.

bw = bwi dth * radc

elv elev * radc

bw2 .5d0 * bw

if( ipat .eq. 2 ) then I Gaussi an
afac = .34657359d0 / (dsin( bw2 ))**2
pelev = dsin( elv )

elseif( ipat .eq. 4 ) then 1 CSC*2
sbw = dsin( bw)

elseif(( ipat .ne. 1) .and. ( ipat .ne. 7)) then
afac = 1.39157 / dsin( bw2 )
a =pi |/ afac
umax = datan( a / dsgrt(1.d0 - a*a) )
umax3 = 3. * unax

end if

= -

! Test for validity of conbination of antenna paraneters. |f running in
! hybrid node, then frequency and beanwi dt h conbi nati on nust not produce
! an antenna radius greater than the antenna height.
if(( .not. peflag ) .and. ( ipat .ne. 1) .and. ( ipat .ne. 7)) then
diam=1.2d0 * cO / (freq * bw
if( .5*diam.gt. antht ) ierror = -44
end if
if( ierror .It. 0) return
! Initialize terrain information.

call terinit( ANGU, RFIX RFLAT, HTERMAX, |ERROR)
if( ierror .ne. 0) return

Ilnitialize mxed transform al gorithmflag

io.eq. 0) .or. (ruf )) then

lg =2 ! backward di fference
( freq .1t. 400.d0 ) ialg =1 lcentral difference

I Initialize output range arrays.

rngout = (/(i, i=1, nrout)/) * drout
rlogo = 20. * dl ogl0( rngout )

! Initialize variables for all hybrid nodes.

Inmin = 10
if( .not. peflag ) then

rsgrd = rngout * rngout IUsed in AlRBORNE and FEM routi nes.

| Determ ne what hybrid nodel (s) to use.

ihybrid = 0 I Use airborne hybrid (FE+PE) nodel
if( antht .le. 100.d0 ) then
ihybrid =1 I Use full hybrid node

' If the first 2.5 kmof terrain profile is not flat then use parti al
! hybrid node (PE + XO.

if(( fter ) .and. ( rflat .le. rtst+1.d-3)) ihybrid =2
end if

! Allocate arrays, if necessary, for RO calcs.

if( ihybrid .eq. 1) call allarray_ro( |ERROR)
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if( ierror .ne. 0) return
end if
! Setup output height arrays with respect to HV NTER

yfref = 0.
if( fter ) yfref =ty(1)

zout = (/(i, 1=0, nzout)/) * dzout + hnref
if( ihybrid .eq. 1) zro = zout - yfref

I Initialize refractivity arrays.

call refinit( HTRAP, HTH CK, RW N, RWAX, |ERRCR)
if( ierror .ne. 0) return

if( .not. peflag ) then
I'Used in AlRBORNE and FEM routi nes

zoutma = zout - antref
zoutpa = zout - yfref + antht

Conpute grazing angle |limt based on 2.5 tinmes Reed & Russell

(p. 140) limt, but not less than .002 rad. Double this value if
nore than one profile was entered, then adjust for trapping
effects. Conmpute corresponding RO elevation angle limt at
transmtter, ALFLIM

psilim= dmax1( .002d0, .04443d0 / (freq ** .3333333) )
IF (nprof .GI. 1) psilim= 2. * psilim
psilim= psilim+ dSQRT(dABS(2.d0 * (rmrax - rnmin)))
alflim= dSQRT(dABS(psilim=** 2 + 2. * (rmx - refdun(0)*1.d-6)))
alflim= dmax1( alflim acrit )
I Define height tolerance for Newton's nethod.
ztol = .05
! Initialize range and index variables for RO region.
XROn = 0.
iRp =-1
! Deternmine the mni num hei ght the PE nodel nust reach.
htest = htrap + hthick
if( ihybrid .eq. 1) then
ztest = dmax1( htest, 1.2d0*hternmax )
el se
ztest = dmax1( htlim antref )
hnx = ztest + antref + rmax**2 / (2. * aekst)
atest = datan( hnx / rmax )

alflim= dnax1( alflim atest )
end if

IDeternmine effective earth radius term
call get_k( 0)
el se
ztest = htlim
end if
! I'f wind speed has been specified (NW=1), then performentire PE run for snooth

! surface (0 wind speed), horizontal polarization, fixed frequency. Determ ne
! grazing angl es at each PE range and store in GRAZE().
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if( ruf ) then

w =c0/ frqg

FKo = 2. * pi /| W

fko2 = 2. * fko

thnmkg = dmax1( thnxg, angu )

call fftpar( Inmn, W, thnxg, 0, ZDUM ZNMAX, DELZ, LN, N, |ERROR)
if( ierror .ne. 0) return

drgrz = 0.dO
call peinit( rfix, 0, 0, 1ERROR)
if( ierror .ne. 0) return

drgrz = dr I'Store PE range step used for grazing angl e calcs.
npnts= 16
Inp =9

ns = 2**|np

nsnlk = ns - 1

np4 = npnts/ 4

np34 = 3 * np4

cnp75 = pi / dbl e(np4)

call allarray_xoruf( |ERRCR)
if( ierror .ne. 0 ) return

filtp
xocon

.5+ .5 * dcos( (/(i, i=0,np4)/) * cnp75 )
w / ns/ 2./ delz

! Determ ne grazing angl es.

call getgraze( htrap, thnxg, |IERROR)
if( ierror .ne. 0) return

if((fter) .or. ( nprof .gt. 1)) then

! Re-initialize all variables associated with refractivity arrays used in
! PE cal cs.

is=1

rv2=rngpr of (is)

refdum(0:1vip) = refnsl (0:1vlp, i5s)
ht dum(O: 1vlp) = hmsl (0:1vlp, is)
Iviep = lvlp

I Renove any duplicate levels in first profile and adjust HTDUM) and
! REFDUM) to minimumterrain height.

call rendup
call profref( hmnter, 0)
end if
el se

if( allocated( graze ) ) deallocate( graze, stat=ierror )
al l ocate( graze(0:1), stat=ierror )

if( ierror .ne. 0) return

graze = 0.

igrz =1

end if

I Conput e wavel ength and wavenunber for "real" run.
w =c0/ freq

FKo = 2. * pi /| W

fko2 = 2. * fko

! Initialize dielectric ground constants.
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ig=1
call dieinit

Initialize wave height variables.

if( ruf ) then

ruf _fac = 6.408849d-2 / w 14 * pi * .0051 conversion
ruf _ht = ruf_fac * wind(1)**2
end if

if( peflag ) then

if( thrax .le. 1.d-3 ) ierror = -25

if( ierror .ne.

0 ) return

theta75 = thmax * radc
thetamax = theta75 / .75

ilfac
I nmn

idint( theta75 / deg5 )
Inmn +ilfac

call fftpar( Inmn, w, thetamax, 0, ZTEST, ZMAX, DELZ, LN, N, IERROR)

zlim= dmnl( htlim ztest )

IInitialize PE variables for "real" run.

call peinit( rfix, ipol, 1, I1ERROR)

if( ierror .ne.

0 ) return

lin case ZLI M > cal cul ati on hei ght domain

Initialize mxed transformconstants for start of PE cal cul ati ons

if(ialg .gt. 0) call aln_init( pi2, 0.d0)

rpest = 0.dO

el se

alimv = alinv * radc

if( ihybrid .eq. 0) then

For airborne hybrid nodel,

CET_K routi ne.

theta75 = dnax1( alimyv, theta75 )
thetanmax = theta75 / .75

ilfac
I nmn

idint( theta75 / deg5 )
Inmin+ilfac

I**% FOR SPAWAR USE ONLY ***xx

call fftpar( Inmn, W, thetamax, 0, ZTEST, ZMAX, DELZ, LN, N, |ERROR)
if( ierror .ne. 0) return

zlim= ztest

el se

maxi mum PE angl e is determ ned from angles conputed in

Determ ne the maxi mum PE propagati on angl e needed to get to AT LEAST this height.
Also initialize all associated PE vari abl es.

call getthmax( htest, htermax, rflat, ztest, alflim alimyv, THETAMAX,
if( ierror .ne. 0) return

end if

zlim=dminl( htlim zlim)

For calculation nodes IHYBRID = 1 or 2, initialize all
in XO cal cul ations.

if( ihybrid .ne.

if (zlim.le.

0 ) then

(htlim- zlint1l.d-5) ) then
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! Get bin # within calculation domain (with respect to HM NTER) at
I which to performspectral estimation. FromJZLIMto JZLI M NPNTS.

jzlim=idint( zlim/ delz)
zlim=dble( jzlim) * delz

I Det erm ne RATZ and | RATZ.

j =iap
id=1
do while( j .le. irtenp)
if( htenp(j) .gt. zlim) exit
if( htemp(j) .gt. htdum(id) ) id=1id + 1

=i +1
end do
ira=mx0( 1, j-1)
idg =id -1
grd = grdun(idg)
rad = raya(ira)**2 + 2. * grd * ( zlim- htenp(ira) )
aatz = 0.

if( rad .gt. 0. ) aatz = dsign( 1.d0, raya(ira) ) * dsqrt( rad )
ratz = rtenp(ira) + (aatz - raya(ira)) / grd
t

if(( ratz .1t. rmax ) .and. ( zlim.It. htlim)) then
k =1
do while( rngout (k) .1t. ratz )
k =k +1
end do
iratz = mnO( nrout, k)
ixostp = iratz
end if

el se
iratz = nrout + 1
ratz = 2. * rmax
end if

end if
ixo = ixostp

if( nope .eq. 0 ) then
Ilnitialize PE variables for "real" run.

call peinit( rfix, ipol, 1, IERROR)
if( ierror .ne. 0) return

I Determ ne nunber of points that will be stored in FFACZ(,), and
! allocate and initialize all arrays associated with extended optics cal cs.

if( ixo.gt. 0) then
rnxdif = rmax - ratz
niz =idnint( rnxdif / dr )
izmax = niz / izinc + 4 l'add some sl op

I Initialize variables and filter array for spectral estimation.

npnts = 8
if(( fter ) .or. ( ruf )) npnts= 16
Inp =8

ns = 2**| np

nsml =ns - 1

np4 = npnts/ 4

np34 = 3 * np4

cnp75 = pi / dbl e(np4)

call allarray_xoruf( |IERROR)
if( ierror .ne. 0) return

filtp
xocon
end if

.5+ .5 * dcos( (/(i, 1=0,npd)/) * cnp75)
w / ns/ 2./ delz
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! Initialize mxed transformconstants for start of PE cal cul ations

if(ialg .gt. 0) call aln_init( pi2, 0.d0)

end if

I Now fill height array separating flat earth region from RO region.

I The height is determ ned and stored at each out put range step.
call fillht

end if

ylast = 0.

if(( fter ) .and. ( nope .eq. 0)) ylast = tyh(0)

ycurm = 0.

ycur = 0.

! Determ nel/interpol ate grazing angles such that all grazing angles coincide with
!"real" PE range step.

if( ruf ) call graze_int( rflat, IERROR)
if( ierror .ne. 0) return

! Initialize troposcatter vari abl es.

if( tropo ) call tropoinit

lLoss term - add to 20l og(r) to get free space | oss.

pl cnst =20. *dl 0g10(f ko2)

Ilnitialize free-space | oss array.

fsl =rlogo + plcnst

| Determine attenuation rate due to gaseous absorption in dB/ m

if( kabs .eq. 1) call gasabs
if( kabs .eq. 2 ) gasatt = gammaa * 1.d-3 ! Conversion for range in m

| Deal | ocate arrays no | onger needed.

if( allocated( tx ) ) deallocate( tx, stat=kerror )
if( kerror .ne. 0 ) ierror = kerror

if( allocated( ty ) ) deallocate( ty, stat=kerror )
if( kerror .ne. 0) ierror = kerror

if( allocated( slp ) ) deallocate( slp, stat=kerror )
if( kerror .ne. 0 ) ierror = kerror

end subroutine apmnit

A.1.1 Subroutine ALLARRAY_APM

!********************** SUBRQJTI NE ALLAH_'\)AY APM kkkkkkkkkkkkkkhkkkhkkhkkhkkhkkhkkhkkk*k

I Modul e Name: ALLARRAY_APM

I Modul e Security O assification: UNCLASSI Fl ED

! Purpose: This routine allocates and initializes all dynamcally di mensi oned
! arrays associated with APM general info, terrain, refractivity,

! and troposcatter arrays.

! Version Nunber: 1.3.0

! I NPUTS:
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! Argunent List: None
! Common: |1 GR | TPA, LVLP, NFACS, NROUT, NZQUT, PEFLAG TROPO

I QUTPUTS:

! Argurent List: | ERROR

! Common: None

! Public: ADIF(), ON2(), D2S(), DIELEC(,), FSL(), GRDUM), HFANGR(), HLIM),

! HREF(), HTDUM), HTFE(), IGRND(), RDT(), REFDUM ), REFREF(),

! RFAC2(), RGRND(), RLOGX(), RLOSS(), RNGOUT(), RSQRX(), SLP(),
! THETA2S(), TX(), TY(), ZOUT(), ZOUTMA(), ZOUTPA()

I Modul es Used: APM MOD

I Calling Routines: APMNT

! Routines called:
! APM Speci fic: NONE
! Intrinsic: ALLOCATE, ALLOCATED, CMPLX, DEALLOCCATE

I GLOSSARY: See universal glossary for common and public variabl es.
! I nput Vari abl es: None

! Qut put Vari abl es:
! | ERRCR = Integer variable indicating error # for DEALLOCATE and ALLOCATE
! statenents.

subroutine allarray_apn{ | ERROR )
use apm nod

implicit integer(kind=4) (i-n)
inplicit real (kind=8) (a-h, o 2)

ierror =0

if( nfacs .gt. 0) then
| F( ALLOCATED( HFANGR ) ) DEALLOCATE( HFANGR, stat=ierror )
ALLOCATE( HFANGR(NFACS), stat=ierror )
if( ierror .ne. 0) return
HFANGR = 0. d0
end if

if( allocated( fsl ) ) deallocate( fsl, stat=ierror )
all ocate( fsl(nrout), stat=ierror )

if( ierror .ne. 0) return

fsl = 0.d0

if( allocated( rlogo ) ) deallocate( rlogo, stat=ierror )
al l ocate( rlogo(nrout), stat=ierror )

if( ierror .ne. 0) return

rlogo = 0.dO

if( allocated( rngout ) ) deallocate( rngout, stat=ierror )
all ocate( rngout(nrout), stat=ierror )

if( ierror .ne. 0) return

rngout = 0.dO

if( allocated( zout ) ) deallocate( zout, stat=ierror )
al l ocate( zout(0:nzout), stat=ierror )

if( ierror .ne. 0) return

zout = 0.dO

if( .not. peflag ) then
if( allocated( rsqrd ) ) deallocate( rsqrd, stat=ierror )
al l ocate( rsqrd(nrout), stat=ierror )
if( ierror .ne. 0 ) return
rsqrd = 0.dO
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if( allocated( zoutrma ) ) deallocate( zoutma, stat=ierror )
al l ocate( zoutma(0:nzout), stat=ierror )

if( ierror .ne. 0) return

zoutnma = 0.dO0

if( allocated( zoutpa ) ) deallocate( zoutpa, stat=ierror )
al | ocate( zoutpa(0:nzout), stat=ierror )

if( ierror .ne. 0 ) return

zoutpa = 0.d0

if( allocated( hlim) ) deallocate( hlim stat=ierror )
allocate( hlimnrout), stat=ierror )

if( ierror .ne. 0) return

hlim= 0.d0

if( allocated( htfe ) ) deallocate( htfe, stat=ierror )
allocate( htfe(nrout), stat=ierror )
if( ierror .ne. 0 ) return
htfe = 0.d0
end if

if( allocated( rfacl ) ) deallocate( rfacl, stat=ierror )
al l ocate( rfacl(0:nzout), stat=ierror )

if( ierror .ne. 0) return

rfacl = 0.dO

if( allocated( rfac2 ) ) deallocate( rfac2, stat=ierror )
all ocate( rfac2(0:nzout), stat=ierror )

if( ierror .ne. 0) return

rfac2 = 0.dO

if( allocated( rloss ) ) deallocate( rloss, stat=ierror )
al l ocate( rloss(0:nzout), stat=ierror )

if( ierror .ne. 0) return

rloss = 0.dO

! Allocate arrays associated with terrain info.

if( allocated( tx ) ) deallocate( tx, stat=ierror )
allocate( tx(itpa), stat=ierror )

if( ierror .ne. 0) return

tx = 0.d0

if( allocated( ty ) ) deallocate( ty, stat=ierror )
allocate( ty(itpa), stat=ierror )

if( ierror .ne. 0) return

ty = 0.d0

if( allocated( slp ) ) deallocate( slp, stat=ierror )
al locate( slp(itpa), stat=ierror )

if( ierror .ne. 0) return

slp = 0.dO

if( igr .eq. 0) then
igr =1
| F( ALLOCATED( DI ELEC ) ) DEALLOCATE( DI ELEC, stat=ierror )
ALLCCATE( DIELEC(2, IGR), stat=ierror )
if( ierror .ne. 0 ) return
Dl ELEC = 0. d0

| F( ALLOCATED( |GRND ) ) DEALLOCATE( | GRND, stat=ierror )
ALLOCATE( I GRND(I GR), stat=ierror )

if( ierror .ne. 0 ) return

IGRND = 0

| F( ALLOCATED( RGRND ) ) DEALLOCATE( RGRND, stat=ierror )
ALLOCATE( RGRND(IGR, stat=ierror )
if( ierror .ne. 0) return
RGRND = 0.d0
end if
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| F( ALLOCATED( cn2 ) ) DEALLOCCATE( cn2, stat=ierror )
ALLOCATE( cn2(IG&R), stat=ierror )

if( ierror .ne. 0) return

cn2 = cnpl x(0., 0., 8)

! Allocate arrays associated with refractivity info.

if( allocated( refdum) ) deallocate( refdum stat=ierror )
al l ocate( refdun{0:1vlp), stat=ierror )

if( ierror .ne. 0) return

refdum= 0.d0

if( allocated( htdum) ) deallocate( htdum stat=ierror )
all ocate( htdum(O:1vlp), stat=ierror )

if( ierror .ne. 0) return

ht dum = 0.dO

if( allocated( grdum) ) deallocate( grdum stat=ierror )
al l ocate( grdun(O:1vlp), stat=ierror )

if( ierror .ne. 0) return

grdum = 0.dO0

if( allocated( href ) ) deallocate( href, stat=ierror )
all ocate( href(0:1vlp), stat=ierror )

if( ierror .ne. 0) return

href = 0.d0

if( allocated( refref ) ) deallocate( refref, stat=ierror )
allocate( refref(0:1vlp), stat=ierror )

if( ierror .ne. 0) return

refref = 0.d0

Ilnitialize and all ocate arrays associated with troposcatter cal cul ations.
if( tropo ) then

if( allocated( adif ) ) deallocate( adif, stat=ierror )
al l ocate( adif(0:nzout), stat=ierror )

if( ierror .ne. 0 ) return

adif = 0.d0

if( allocated( d2s ) ) deallocate( d2s, stat=ierror )
al |l ocate( d2s(0:nzout), stat=ierror )

if( ierror .ne. 0) return

d2s = 0.d0

if( allocated( rdt ) ) deallocate( rdt, stat=ierror )
al l ocate( rdt(0:nzout), stat=ierror )
if( ierror .ne. 0 ) return
rdt = 0.dO
if( allocated( thetaO ) ) deallocate( theta0O, stat=ierror )
all ocate( thetaO(nrout), stat=ierror )
if( ierror .ne. 0) return
thetaO0 = 0.dO
if( allocated( theta2s ) ) deallocate( theta2s, stat=ierror )
al l ocate( theta2s(0:nzout), stat=ierror )
if( ierror .ne. 0 ) return
theta2s = 0.dO
end if

end subroutine allarray_apm

A.1.2 Subroutine ALLARRAY_PE

| ¥k dhkkdhhkhkdhhhdhkhkhhxxx SUBRQJTI NE ALLARRAY PE EEEEEEEEEEEEEEEEEEEEEEEE]

! Mbdul e Nane: ALLARRAY_PE
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I Modul e Security O assification: UNCLASSI Fl ED

I Purpose: This routine allocates and initializes all dynamcally
! di mensi oned arrays associated with PE cal cul ati ons.

I Version Nunber: 1.3.0

I | NPUTS:
! Argunent List: None
! Common: | PQL, N, NF4, RUF

I QUTPUTS:

! Argunent List: | ERROR

! Conmon: None

! Public: ENVPR(), FILT(), FRSP(), HT(), PROFINT(), RN(), W), UDUM),
! uLsT(), W), YM)

! Modul es Used: APM MCD
! Calling Routines: PEINIT

! Routines called:
! APM Speci fic: NONE
! Intrinsic: ALLOCATE, ALLOCATED, CWVPLX, DEALLCCATE

| GLOSSARY: See universal glossary for common and public variables.
! I nput Variabl es: None

! Cut put Vari abl es:
! | ERROR = Integer variable indicating error # for DEALLOCATE and ALLOCATE
! statenent s.

! Local Variabl es: None
subroutine allarray_pe( |ERROR)
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

ierror =0

if( allocated( envpr ) ) deallocate( envpr, stat=ierror )
al |l ocate( envpr(0:n), stat=ierror )

if( ierror .ne. 0) return

envpr = cnplx( 0., 0., 8)

if( allocated( frsp ) ) deallocate( frsp, stat=ierror )
al locate( frsp(0:n), stat=ierror )

if( ierror .ne. 0) return

frsp = cnplx( 0., 0., 8)

if( allocated( u) ) deallocate( u, stat=ierror )
all ocate( u(0:n), stat=ierror )

if( ierror .ne. 0) return

u=cnmplx( 0., 0., 8)

if( allocated( ulst ) ) deallocate( ulst, stat=ierror )
allocate( ulst(0:n), stat=ierror )

if( ierror .ne. 0) return

ulst = cnmplx( 0., 0., 8)

if( allocated( filt ) ) deallocate( filt, stat=ierror )
allocate( filt(0:nf4), stat=ierror )

if( ierror .ne. 0) return

filt =0.do0

if( allocated( ht ) ) deallocate( ht, stat=ierror )
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allocate( ht(0:n), stat=ierror )
if( ierror .ne. 0) return
ht = 0.dO

if( allocated( profint ) ) deallocate( profint, stat=ierror )
all ocate( profint(0:n), stat=ierror )

if( ierror .ne. 0) return

profint = 0.d0

if( allocated( udum) ) deallocate( udum stat=ierror )
all ocate( udun{0:n), stat=ierror )
if( ierror .ne. 0) return
udum = 0. dO
if(( ipol .eq. 1) .or. ( ruf )) then
if( allocated( rn ) ) deallocate( rn, stat=ierror )
allocate( rn(0:n), stat=ierror )
if( ierror .ne. 0) return
rn = cnpl x( 0., 0., 8)
if( allocated( w) ) deallocate( w, stat=ierror )
allocate( w(0:n), stat=ierror )
if( ierror .ne. 0 ) return
w = cnplx( 0., 0., 8)
if( allocated( ym) ) deallocate( ym stat=ierror )
allocate( ym(0:n), stat=ierror )
if( ierror .ne. 0) return
ym= cnplx( 0., 0., 8)
end if

end subroutine allarray_pe

A.1.3 Subroutine ALLARRAY_RO

!********************** SUBROJTI NE ALLARRAY RO************************
! Mbdul e Nane: ALLARRAY_RO
! Modul e Security O assification: UNCLASSI Fl ED

! Purpose: This routine allocates and initializes all dynamcally di mensi oned
! arrays associated with RO cal cul ati ons.

! Version Nunber: 1.3.0

I I NPUTS:

! Argunent List: None

! Common: LVLP, NzOUT

I QUTPUTS:

! Argunent List: | ERROR

! Common:  None

' Public: GR(), Q), RM), ZRQ), ZRT()

! Modul es Used: APM MOD

! Calling Routines: APMNT

! Routines called:

! APM Speci fic: NONE

! Intrinsic: ALLOCATE, ALLOCATED, DEALLCCATE
| GLOSSARY: See universal glossary for common and public vari abl es.
! I nput Variabl es: None

! Qut put Vari abl es:
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! | ERROR = Integer variable indicating error # for DEALLOCATE and ALLOCATE
! st at enent s.

! Local Vari abl es:
! LVLPT = LMLP + 1 -> upper boundary limt on arrays G RM Q

subroutine allarray_ro( |ERROR)
use apm nod

inplicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

ierror =0

if( allocated( zro ) ) deallocate( zro, stat=ierror )
al |l ocate( zro(0O:nzout), stat=ierror )

if( ierror .ne. 0) return

zro = 0.d0

Ivipt = lvip + 1

if( allocated( gr ) ) deallocate( gr, stat=ierror )
allocate( gr(0:lvlpt), stat=ierror )

if( ierror .ne. 0) return

gr = 0.d0

if( allocated( q ) ) deallocate( g, stat=ierror )
allocate( q(O:1vlpt), stat=ierror )

if( ierror .ne. 0) return

q = 0.d0

if( allocated( rm) ) deallocate( rm stat=ierror )
allocate( rm(0:1vlpt), stat=ierror )

if( ierror .ne. 0) return

rm= 0.d0

if( allocated( zrt ) ) deallocate( zrt, stat=ierror )
allocate( zrt(O:lvlpt), stat=ierror )

if( ierror .ne. 0) return

zrt = 0.d0

end subroutine allarray_ro

A.1.4 Subroutine ALLARRAY_XORUF

!********************** SLBRQJTI NE MLARMY_X%F R R R R R R R R R R R R
I Modul e Nanme: ALLARRAY_ XORUF

! Modul e Security O assification: UNCLASSI Fl ED

I Purpose: This routine allocates and initializes all dynamcally

! di mensi oned arrays associ ated with XO and/or rough surface

! cal cul ati ons.

! Version Nunber: 1.3.0

I I NPUTS:

! Argunent List: None

! Conmon: | XO, 1 ZMAX, LVLP, NP4, NROUT, NS

I QUTPUTS:

! Argunent List: | ERROR

! Common: None

! Public: FFACZ(,), FFROUT(,), FILTP(), GRAD(), HTR(), LVL(), SPECTR(),
! XP(), YP()

! Modul es Used: APM MDD
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! Calling Routines: APMNT

I Routines called:
! APM Speci fic: NONE
! Intrinsic: ALLOCATE, ALLOCATED, DEALLQOCATE

I GLOSSARY: See universal glossary for common and public vari abl es.
! I nput Variabl es: None

! Qut put Vari abl es:
! I ERROR = Integer variable indicating error # for DEALLOCATE and ALLOCATE
! statenents.

! Local Variabl es: None
subroutine allarray_xoruf( | ERROR)
use apm nod

inplicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

ierror =0

if( ixo.gt. 0) then
if( allocated( ffrout ) ) deallocate( ffrout, stat=ierror )
allocate( ffrout(nrout,?2), stat=ierror )
if( ierror .ne. 0) return
ffrout = 0.dO

if( allocated( ffacz ) ) deallocate( ffacz, stat=ierror )
al |l ocate( ffacz(izmax,3), stat=ierror )

if( ierror .ne. 0) return

ffacz = 0.dO

if( allocated( grad ) ) deallocate( grad, stat=ierror )
al l ocate( grad(0:1vlp,iznmax), stat=ierror )

if( ierror .ne. 0 ) return

grad = 0.d0

if( allocated( htr ) ) deallocate( htr, stat=ierror )
allocate( htr(0:1vlp,izmax), stat=ierror )

if( ierror .ne. 0) return

htr = 0.dO

if( allocated( Ivl ) ) deallocate( Ivl, stat=ierror )
al locate( Ivl(izmax), stat=ierror )
if( ierror .ne. 0 ) return
Ivl = 0.do
end if

I Allocate and initialize all arrays associated with spectral estimation
! of PE field.

if( allocated( filtp ) ) deallocate( filtp, stat=ierror )
allocate( filtp(0:np4), stat=ierror )

if( ierror .ne. 0) return

filtp = 0.dO

if( allocated( xp ) ) deallocate( xp, stat=ierror )
al l ocate( xp(0:ns), stat=ierror )

if( ierror .ne. 0) return

xp = 0.d0

if( allocated( yp ) ) deallocate( yp, stat=ierror )
all ocate( yp(0:ns), stat=ierror )

if( ierror .ne. 0) return

yp = 0.dO

if( allocated( spectr ) ) deallocate( spectr, stat=ierror )
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al | ocate( spectr(0:ns), stat=ierror )
if( ierror .ne. 0) return
spectr = 0.d0

end subroutine allarray_xoruf

A.1.5 Subroutine ALN_INIT

| ** k*kkkdkdhkkdhkhkdhkrdkhkrdxdhkrrhxdhx SLBRGJTI NE ALN INIT EEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE]

! Module Nane: ALNINT
! Modul e Security Cassification: UNCLASSI FI ED

! Purpose: This routine initializes variables used in DWT al gorithmfor
! finite conductivity and/or rough surface cal cul ations.

I Version Nunber: 1.3.0

I NPUTS:
Argunent List: ASTA, RS
Common: | ALG NML, RK
Public: RN(), W)

I QUTPUTS

! Argunent List: None

! Conmon: CK1, CK2, CWFT

I Modul es Used: APM MOD

I Calling Routines: APMNT

! Routines called:

! APM Speci fic: GETALN

! Intrinsic: MOD, SUM

I GLOSSARY: See universal glossary for common and public variables

! I nput Vari abl es:

! ASTA = Grazing angl e.

! RS = Qurrent range

! Qut put Variabl es: None

! Local Vari abl es:
! C2C = Running multiplicative factor for U* RN summation.

subroutine aln_init( asta, rs )
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a h, o 2)

conpl ex(ki nd=8) c2c
call getaln( asta, rs)
if( ialg .eq. 1) then IUse old central -difference al gorithm

ckl =.5* ( u(0) +u(n)*rn(n) )
ck2 = .5 * ( u(0)*rn(n) + u(n) )

ckl = ckl + sun( u(l:nml) * rn(1l:nnl) )

doi =1, nnl
c2c = u(n-i) * rn(i)
if( mod(i,2) .gt. 0) c2c =-c2c
ck2 = ck2 + c2c

end do
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ckl = ckl * rk
ck2 = ck2 * rk
el se I Use backward-difference algorithm

if( ialg .eq. 2 ) cenft = sum u(0:nmL) * rn(0:nml) )
end if

end subroutine aln_init

A.1.6 Subroutine ANTPAT

| R R R R SRS E SRR EEEEEEEEEEEEE S SUBRGJTI NE ANTPAT R RS RS S S S SRR SRR R EEEEEEEEEEEEE

I Modul e Nane: ANTPAT

! Modul e Security O assification: UNCLASSI Fl ED

! Purpose: Determnes the antenna pattern factor for angle passed to routine.
! Version Nunber: 1.3.0

I | NPUTS:

! Argunent List: ANG

! Common: AFAC, ALPHAD, BW ELV, |PAT, NFACS, PELEV, SBW UMAX

I Public: HFANGR(), HFFAC()

I QUTPUTS:

! Argunent List: PATFAC

! Common:  NONE

I Modul es Used: APM MOD

! Calling Routines: AlRBORNE, FEM ROCALC, TROPO NI T, TROPCSCAT, XYINT
! Routines called:

! APM Speci fic: NONE

! Intrinsic: DABS, DEXP, DVAX1, DSIN

I GLOSSARY: See universal glossary for common vari abl es.

! | nput Vari abl es:
! ANG = el evation angle at transmtter

! Qut put Vari abl es:
! PATFAC = antenna pattern factor for angle ANG

! Local Vari abl es:

! ANGFRAC = Fractional angle used for interpolation on user-specified

! antenna pattern.

! CH = Running track of angle used to conpare cutback angles specified
! for height-finder antenna pattern.

! UDIF = Angle relative to the elevation angle of the main beam

subrouti ne antpat( ang, PATFAC )
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

! PAT = 1 gives Omidirectional antenna pattern factor : f(u) =1
| Default for Omi antenna pattern

patfac = 1.dO

! Inthe following pattern definitions, "ua" refers to the angle for which
! the antenna pattern is sought, and "u0" refers to the el evation angle.
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sel ect case( ipat )
case( 2 )
I | PAT = 2 gives Gaussian antenna pattern based on
' f(p-p0) = exp(-w*2 * ( p-p0 )**2 ) / 4, where p = sin(ua) and
I p0 = sin(u0)

pr = dsin(ang) - pelev
patfac = dexp(-pr * pr * afac)

case( 4 )

| PAT = 4 gives csc-sq pattern based on

| =

I f(u) =1 for ua-u0 <= bw

I f(u) = sin(bw) / sin(ua-u0) for ua-u0 > bw

I f(u) = maxi mumof 0.03 or [1+(ua-u0)/bw for ua-u0 < O

udif = ang - elv
if( udif .gt. bw) then
patfac = sbw/ dsin( udif )
elseif( udif .1t. 0) then
patfac = dnmax1( 0.03dO0, 1.d0 + udif/bw )
end if

case( 3, 5, 6)

I | PAT = 3 gives sin(x)/x pattern based on

I f(ua-u0) = sin(x) / x where x = afac * sin(ua-u0) for |ua-u0| <= unax

I f(ua-u0) = .03 for |ua-ul] > umax

I I PAT = 5 gives height-finder pattern which is a special case of sin(x)/x

udif = ang - elv
if( ipat .ge. 5) then
chi =elv
if( alphad .gt. elv ) then
udi f = ang - al phad
chi = al phad
end if
end if

if( dabs(udif) .le. 1.d-6 ) then
patfac = 1.d0

elseif( dabs( udif ) .gt. umax ) then
patfac = 0.03d0

el se
arg = afac * dsin( udif )
patfac = dsin( arg ) / arg

end if

For | PAT = 6, user-specified height-finder antenna pattern,

adj ust user -defined height -finder pattern by appropriate factor
based on HFANGR() and HFFAC() arrays. Adjustment is not necessary
when CH is less than the first user-defined angle (HFANGR(1)).

IF( ipat .EQ 6 ) then
if( chi .GI. hfangr(1) ) THEN

i = nfacs
DO WHI LE (chi .LE. hfangr(i))
=i -1
END DO
patfac = patfac * hffac(i)
end if
END I F
case( 7 )

! For | PAT=7, the antenna pattern factor is determined by |linear interpolation
! on the user-specified antenna patter factor and angl e arrays defined by

| HFANG() and HFFAC().
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angl = ang - elv

if( angl .ge. hfangr(nfacs) ) then
patfac = hffac(nfacs)

elseif( angl .le. hfangr(1l) ) then
patfac = hffac(1)

el se
i =1
do while( angl .ge. hfangr(i) )
i =i +1
end do

angfrac = (angl - hfangr(i-1)) / (hfangr(i) - hfangr(i-1))
patfac = hffac(i-1) + angfrac * (hffac(i) - hffac(i-1))
end if

case default
I do not hi ng
end sel ect

end subroutine ant pat

A.1.7 Subroutine DIEINIT

] kkkkkkhkkhkkhkkhkkhkkhkkhkkhkkkkkhkhkhkkkkkx*% SUBRGJTI'\E uEI NIT kkkkkhkkhkkhkkhkkhkkhkhkhkhkkhkkkhkkhkkkkkkhkk*x*x

! Mbdule Nane: DIEINIT
! Modul e Security O assification: UNCLASSI Fl ED

Purpose: This routine cal cul ates conductivity and permttivity
as a function of frequency in MHz. Al equations and coef-
ficients were obtained by using a SUWASKETCH digitizer to digitize
the COR volune 5 curves on page 74. The digitized data were
then used with TABLECURVE software to obtain the best fit
equations and coefficients used in this subroutine. In some
cases two sets of equations were required to obtain a decent
fit across the 100 MHz - 100GHz range. These curves fit the
digitized data to within 5%

! Version Nunber: 1.3.0

I NPUTS:
Argunent List: NONE
Common: FREQ ITGR W
Public: DI ELEC(,), |GRND(), RGRND)

I QUTPUTS:
! Argunent List: NONE
! Public: CN2()

I Modul es Used: APM MOD

I Calling Routines: APMNT
! Routines called:

! APM Speci fi ed: NONE

! Intrinsic: CWLX, DSQRT
I GLOSSARY:

! I nput Vari abl es:
! See universal glossary for common and public variables

! Qut put Vari abl es:
! See universal glossary for comon and public variables

! Local Vari abl es:
! EPSILON = relative permttivity
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! SI GVA = conductivity

! F1-8 = Frequency in Mz to the nth power. i.e., f5 = freq**5
! A() thru F() = polynomal coefficients for use in determ ning
! EPSI LON and SI GVA.

subroutine dieinit
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

di mension a(18), b(18), c(18), d(18), e(18), f(18)

data (a(i),i=1,18) / 1.4114535d-2, 3.8586749d0, 79.027635d0, &
-0.65750351d0, 201.97103d0, 857.94335d0
915. 31026d0, 0.8756665d0, 5.5990969d- 3,
215. 87521d0, .17381269d0, 2.4625032d- 2,
- 4.9560275d-2, 2.2953743d-4, .000038814567d0,
1. 24347920- 04, 51852.543d0, 4.13105d- 05 /
data (b(i),i=1,18) / -5.2122497d-8, -2.1179295d-5, -2.2083308d- 5,
5.5620223d-5, -2.5539582d-3, -8.9983662d-5
-9.4530022d- 6, 4.7236085d-5, 8.7798277d-5
-7.6649237d-5, 1.2655183d-4, 1.8254018d-4
2.9876572d-5, -8.1212741d-7, 8.467523d- 02
2.824598d-04, 3.883854d- 02, 2.03589d- 07 /
data (c(i),i=1,18) / 5.8547829d-11, 9.1253873d-4, -3.5486605d-4
6.6113198d-4, 1.2197967d-2, 5.5275278d- 2
-4.0348211d- 3, 2.6051966d-8, 6.2451017d-8

QOQOQO
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-2.6151055d- 3, -1.6790756d-9, -2.664754d-8, &
-3.0561848d- 10, 1.8045461d-9, 9.878241d-06, &
8. 680839d- 07, 389.58894d0, -3.1739d-12 /

data (d(i),i=1,18) / -7.6717423d- 16, 6.5727504d-10, 2.7067836d-9, &
3.0140816d- 10, 3.7853169d-5, 8.8247139d-8, &
4.892281d-8, -9.235936d- 13, -7.1317207d-12, &
1.2565999d-8, 1.1037608d-14, 7.6508732d-12, &
1.1131828d-15, -1.960677d-12, -9.736703d-05, &
-6.755389d-08, 6.832108d-05, 4.52331d-17 /

data (e(i),i=1,18) / 2.9856318d-21, 1.5309921d-8, 8.210184d-9,
1.4876952d-9, -1.728776d-6, O0.dO,
7.4342897d-7, 1.4560078d-17, 4.2515914d- 16, &
1.9484482d-7, -2.9223433d-20, -7.4193268d-16, &
0.d0, 1.2569594d- 15, 7.990284d-08, &
7.2701689d-11, 0.dO0, 0.d0 /

data (f(i),i=1,18) / 0.dO, -1.9647664d-15, -1.0007669d- 14, 0.d0, 0.dO
0.d0, 0.dO0, -1.1129348d- 22, -1.240806d- 20, 0.dO
0.d0, 0.dO, 0.dO, -4.46811d-19, 3.269059d- 07
2.8728975d-12, 0.d0, 0.dO /

fl="req

f2 =f1* f1

f3=f1*f2

fa =f1* f3

fs6 =f1* f4

f6 =f1* f5

f7 =1f1* 16

f8 =f1* f7

fo =f1* 8

doi =1, igr

sel ect case ( igrnd(i) )

case( 0) ! Permttivity and conductivity for salt water
epsilon = 70.d0
sigma = 5.d0
m=1
m =m+ 1

if( f1 .gt. 2253.5895d0 ) epsilon = 1.d0 / ( a(m + b(m*f1
+c(m*f2 + d(m*f3 + e(m*fa )
if( f1 .gt. 1106.207d0 ) then
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sigma = a(nl) + c(nl)*fl + e(ml)*f2
sigma = sigma / ( 1.d0 + b(nml)*f1 + d(nl)*f2 + f(nl)*f3 )
end if

case( 1) !Permttivity and conductivity for fresh water
epsilon = 80.0
m=3
m=m+1
IF( f1 .gt. 6165.776d0 ) THEN
epsilon = a(m + c(mM*fl + e(mM*f2

epsilon = epsilon/(1.d0 + b(m*f1 + d(m*f2 + f(mM*f3 )
end if
IF( f1 .gt. 5776.157d0 ) THEN
k =2
el se
m =nm + 1
k = -1
end if

sigma = a(ml) + c(ml)*fl + e(ml)*f2
sigma = (sigma / (1.d0 + b(ml)*f1 + d(nl)*f2))**k

case( 2 ) !Pernittivity and conductivity for wet ground
epsilon = 30.d0
m=6
IF( f1 .ge. 4228.11d0 ) m= 7
if( f1 .gt. 1312.054d0 ) then
epsilon = a(nm + c(mM*f1 + e(m*f2
epsilon = dSQRT( epsilon / (1.d0 + b(m*f1 + d(m*f2) )

end if
IF( f1 .gt. 15454.4d0 ) then
nL = 8
g = 3.3253339d-28
el se
m =9
g = 1.3854354d- 25
end if
sigma = a(nl) + b(nl)*f1 + c(nl)*f2 + d(ml)*f3 + e(nl)*f4

sigma = sigma + f(ml)*f5 + g*f6

case( 3 ) !Permttivity and conductivity for mediumdry ground
epsilon = 15.d0
IF( f1 .gt. 4841.945d0 ) THEN

m= 10

epsilon = a(m + c(mM*fl1 + e(m*f2

epsilon = dSQRT( epsilon / (1.d0 + b(m*f1 + d(m*f2) )
end if
m = 12

IF( f1 .gt. 4946.751d0 ) nml = 11
sigm = (a(nml) + b(ml)*f1 + c(ml)*f2 + d(ml)*f3 + e(ml)*f4)**2

case( 4 ) !Permttivity and conductivity for very dry ground
epsilon = 3.d0
IF( f1 .1t. 590.8924d0 ) then
sigma = 1.0d-4

el se
IF( f1 .gt. 7131.933d0 ) THEN
m = 13
sigma = (a(nl) + b(nl)*f1 + c(ml)*f2 + d(nl)*f3)**2
el se
m = 14
g = 9.4623158d- 23
h = -1.1787443d-26
s = 7.9254217d- 31
t = -2.2088286d-35
sigma = a(ml) + b(nl)*f1 + c(nl)*f2 + d(nl)*f3
signma = sigma + e(m)*f4 + f(nl)*f5 + g*f6
sigma = sigma + h*f7 + s*f8 + t*f9
end if
end if

case( 5 ) !'Permttivity and conductivity for ice at -1 degree C
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epsilon = 3.d0
IF( f1 .le. 300.d0 ) THEN
m= 15
signum=a(n) + c(m * f1 +e(m * f2
sigdnom= 1.d0 + b(m * f1 +d(m * f2 + f(m * 3

ELSE
m= 16
g = -2.6416983d- 14
h = -1.8795958d-18

si = 1.37552d-18
signum=a(m + c(m*fl + e(m*f2 + g*f3 + si*f4
sigdnom= 1.d0 + b(m*f1 + d(m*f2 + f(m*f3 + h*f4
END | F
sigma = signum/ sigdnom

case( 6 ) !Permttivity and conductivity for ice at -10 degrees C
epsilon = 3.d0
IF( f1 .le. 8753.398d0 ) THEN

m= 17
sigm = 1.d0 / ((a(m + c(m*f1l) / (1.0 + b(mM*f1 + d(m*f2))
ELSE
m= 18
sigm = a(nm + b(mM*fl +c(mM*f2 + d(m*f3
END | F
case( 7))
epsilon = dielec(1,i)
sigma = dielec(2,i)

case default
I Do nothing
end sel ect

sl = signa * 60.d0 * w
cn2(i) = cnplx( epsilon, s1, 8)

end do

end subroutine dieinit

A.1.8 Subroutine FFTPAR

kkkkkkkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkhk SUBRQJ’]’I'\E FFTPAR kkkkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhk*k
Modul e Nare: FFTPAR
Modul e Security O assificati on: UNCLASSI Fl ED

Purpose: Determi nes and conputes the FFT size needed for a given
problem plus all other associated PE vari abl es.

Version Nunber: 1.3.0

I NPUTS:
Argunent List: |FLAG LNM N, THETAMAX, W
Comon: NONE

QUTPUTS:
Argunent List: DELZ, IERR LN, N ZLIM ZMAX
Common: NONE

Cal ling Routines: APM NI T, GETTHVAX

Rout i nes Cal |l ed:
APM Speci fic: NONE
Intrinsic: DBLE, DSIN

GLCSSARY:

I nput Vari abl es:
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| FLAG = flag indicating whether to determ ne naxi num FFT si ze
based on gi ven THETAVMAX and hei ght needed to reach (ZLI M,
or determ ne nmaxi mum hei ght ZLI M based on gi ven THETAMAX

and FFT si ze.

=1 -> deternmne ZLI M gi ven THETAMAX and LN
LNM N = M ni mum power of 2 transform size.

1
1
1
!
! =0 -> determine N, LN gi ven THETAMAX and ZLI M
1
1
1
1

THETAMVAX = Maxi mum PE propagati on angle in radians.

W. = Wavel ength in neters

Qut put Vari abl es:

LN = Power of 2 transformsi ze,
N = Transformsize

! Local Vari abl es:
! STHETAMAX = Sine of THETAVAX

subroutine fftpar( Inmn, W, thetamax,

inplicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

sthetamax = dsin( thetamax )
delz=wW * .5/ sthetamax

if( iflag .eq. 0) then
' Lower FFT limt is 2**LNM N
In =1Innn

N=2** LN
zmax=del z*dbl e(n)

i.e. N

i flag,

DELZ = Bin width in z-space = W / (2*si n( THETAMAX))
|ERR = Integer error flag indicating of transform size conputed
exceeds integer value limt of 2**31 - 1.

= 2**LN

ZLIM ZNVAX, DELZ, LN, N

ZLIM = Maxi numinternal height (HTLIM or .75*ZMAX, whichever is smaller.
ZNAX = Maxi mum hei ght of PE cal culation domain = N * DELZ

I ERR )

! Determ ne transformsize needed to performcalculations to a height of ZLIM
! If transformsize conputed is at least to 2**30 then return error.

do while(( .75*zmax .It. (zlim- zlim1l.d-5) ) .and. ( ierr .eq. 0))

In=1n+1
if( In.eq. 30 ) then
ierr = -43
return
el se
n = 2**|n
zmax = delz * dble(n)
end if
end do

elseif( iflag .eq. 1) then

! Deternine the maxi mum hei ght that can be reached gi ven THETAVAX

I and LN.

N=2** LN
zmax=del z*dbl e(n)

end if
zlim= .75 * zmax

end subroutine fftpar

A.1.9 Subroutine FILLHT

| *xkxkkxkkxhkxkkxkxxkxxkxx QUBROUTI NE Fl LLHT ******x*kkkkkdkkkkrhkx kkkxk
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! Modul e Nanme: FI LLHT
! Modul e Security O assification: UNCLASSI FI ED

! Purpose: Fills the array HTFE() with hei ght values of the liniting

! sub-nmodel (depending on value of IHYBRI D) at each output range.
! l.e., if IHYBRID =1, then HTFE() will contain height values at
! each output range separating the FE region fromthe RO region.

! If IHYBRID = 0 or 2, then HTFE() will contain those height

! val ues at each output range at which the initial |aunch angle

! has been traced to the ground or surface. These hei ght val ues

! represent the separating regi on where, above that height, valid
! |l oss is conputed, and bel ow that height, 1) for IHYBRI D=2, no |oss
! is conputed (outside PE angle limt; or 2) for IHYBRID=0O, this
! separates the lower FE region fromthe PE region.

I Version Nunber: 1.3.0

I NPUTS:
Argunent List: NONE
Common: ALAUNCH, ANTREF, DR, FTER, HWVREF, HTLIM |HYBRI D, |START1, LVLEP
NROUT, THETA75, YFREF
Public: GRDUM), HTDUM), RNGOUT(), TYH()
Data: DEGh, RTST, TANS

I QUTPUTS:
! Argurent List: | HW
I Public: HLIM), HTFE()
! Modul es Used: APM MOD
! Calling Routines: APMNT
! Routines Called:
! APM Speci fic: PLINT, TRACE_RQUT
! Intrinsic: MAXO, M NO, DBLE, DWVAX1, DM N1, DSQRT, |DI NT
I GLOSSARY:
! I nput Variabl es: See universal glossary for common vari abl es.
! Qut put Vari abl es: See universal glossary for common vari abl es.
Local Vari abl es:
A0 = Angle at start of trace in radians.

Al = Angle at end of trace in radians.
GRD = Gradient of current refractivity |ayer being traced through.

HO = Height at start of trace in neters.
HL = Height at end of trace in neters.
H5 = Height of 5 degree ray traced to each output range point

IQUT = Flag to end | oop.

JL = Index in indicating level in refractivity profile |ocation of
source hei ght ANTREF.

Range at start of trace in neters.

Range at end of trace in neters.

Current output range to trace to.

YAR = Hei ght of inage source.

3R3

subroutine fillht
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

! Define in-line ray trace functions:

radal( a, b) =a**2 + 2. * grd * b la=a0, b=h1l-hO
rp( a, b) =a+b/ grd la=r0, b=al-a0
ap( a, b) =a+ b * grd la=a0, b=rl-r0
hp( a, b, ¢ ) =a + ( b**2 - ¢c**2 ) / 2. | grd !a=h0, b=al, c=a0
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if( ihybrid .eq. 1) then
I Fill height array separating FE region from RO region.

yar = yfref - antref
doi =1, nrout
htfe(i) = yfref
if( rngout(i) .gt. rtst ) then
h5 = dmax1( yfref, yar + tan5 * rngout(i) )
htfe(i) = dmnl( htlim h5)
end if
end do

elseif( ihybrid .eq. 0 ) then I'Ai rborne hybrid nodel
! Fill height array separating upper FE region fromPE region [HLIM)].

call trace_rout( deg5, 0.d0, antref, istartl, nrout, htlim grdum htdum &
Ivlep, rngout, |HW, HLIM)

end if
if( ihybrid .ne. 1) then

I For PE+XO running node or airborne hybrid nodel, trace initial |aunch

! angle until it hits ground, storing heights traced at each output range.
a0 = -al aunch
if( ihybrid .eq. 0 ) a0 =-theta75
ro = 0.
hO = antref
jl = istartl
iquit =0
jr =1
tyh.r =0
iref =0

do while(( iquit .eq. 0) .and. ( jr .le. nrout ))
htfe(jr) = 0.
ro = rngout(jr)

do while(( rO .It. ro) .and. ( iref .eq. 0))

ril=ro

grd = grdun(jl)

al = ap( a0, r1-r0)
hl = hp( hO, al, a0 )

if( fter ) then
isg =idint( r1/ dr )
xx = ( rl - dble(isg)*dr ) / dr

isgpl = mMnO( isg + 1, ipe
tyh_r = plint( tyh(isg), tyh(isgpl), xx )
end if

if( al .It. 0. ) then

if(( hl1 .le. (tyh_r + h1*1.d-5) ) .and. ( tyh_r .ge. htdun(jl)) ) then
hl = tyh_r
rad = radal( a0, hi1-ho )
al = -dsqrt( rad )
rl =rp( r0, al-a0)
iref =1

end if

if( hi .1t. (htdun(jl) + h1*1.d-5) ) then
hl = dmax1( htdun(jl), htdun{0) )
rad = radal( a0, hl1l-hO )
al = -dsgrt( rad )
rl =rp( r0, al-a0 )
jl = max0( 0, jlI - 1)

elseif( hl1 .It. htdum(0) + hl*1.d-5 ) then
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hl = hnref
rad = radal( a0, hl1l-hO )

al = -dsqgrt( rad )
rl =rp( r0, al-a0 )
iref =1
end if

el se
iquit =1

end if

a0 = al

h0 = hl

ro =rl

end do

htfe(jr) = ho
if(iref .eq. 1) iquit =1

jr =jr +1
end do
jr =jr - 1
if( iref .eq. 1) htfe(jr:nrout) = hnref
end if

end subroutine fillht
A.1.10 Subroutine GASABS

| KXKX XXX A A A A A hkhkhkhkhkhkhhhkhhhhkxkx SLBRQJTI NE GASABS EREEREE R EEEEEEEEEEEEEEEEEE S

I Modul e Nane: GASABS

! Modul e Security O assification: UNCLASSI FI ED

I PURPCSE: Conputes sea-level gaseous absorption fromtenperature,
! absolute humdity, and radio frequency using CCOR

! Recommendation 676-1. This routine is good for frequencies
! less than 57 GHz, air tenperature from-20 to 40 degrees C,
! and absolute humidity fromO to 50 g/ nB.

I Version Nunmber: 1.3.0

I | NPUTS:

! Argunent List: NONE

! Comon: ABSHUM FREQ TAIR

I QUTPUTS:

! Argunent List: NONE

! Common: GASATT

! Modul es Used: APM MCD

I Calling Routines: APMNT

! Routines called: NONE

I GLOSSARY:

! I nput Variabl es: See universal glossary for common vari abl es.

! Qut put Vari abl es: See universal glossary for common vari abl es.
! Local Vari abl es:

! FGHZ = Frequency in Gt.

! FGHz2 = Square of frequency in GH.

|

|

GAMVAO = oxygen absorption in dB/ km
GAMVAW = wat er vapor absorption in dB/ km
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SUBRQUTI NE gasabs
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

fghz = freq / 1.0d3
fghz2 = fghz * fghz

I Conput e oxygen absorption for 15 degrees C air tenperature.

tl =6.09 / (fghz2 + 0.227)
t2 =4.81/ ((fghz - 57.0) ** 2 + 1.50)
gammao = (7.19E-3 + t1 + t2) * fghz2 * 1.0d-3

I Correct oxygen absorption for actual air tenperature.
gammao = (1.0 - 0.01 * (Tair - 15.0)) * gammao

I Conput e water vapor absorpti on.

tl1 =3.6 [/ ((fghz - 22.2) ** 2 + 8.5)

t2 = 10.6 / ((fghz - 183.3) ** 2 + 9.0)

t3 =8.9 / ((fghz - 325.4) ** 2 + 26.3)

ganmaw = (0.05 + 0.0021 * abshum+ t1 +t2 + t3) * &
fghz2 * abshum* 1.0d-4

! Conpute total specific absorption for sea-level air in dB/m
gasatt = (gammmo + gammaw) * 1.d-3 ! Conversion for range in m

END subr outi ne gasabs
A.1.11 Subroutine GET_K

B R o R SUBR&JTI’\E E" K******************************

! Purpose: This routine calculates the effective earth radius for an
! initial launch angle of 5 degrees or the critical angle ACRIT,
! dependi ng on the calling routine.

I Version Nunber: 1.3.0

I NPUTS:
Argunent List: |ORG
Common: ACRI T, ALAUNCH, ANTREF, ELV, FTER HWVREF, HTLIM |HYBRI D, | START1,
LVLEP, YFREF

Public: GRDUM), HTDUM)
Data: DEGS, DEGLO

I QUTPUTS:
! Argunent List: NONE
! Common: AEK, EK, THETA75, TWOKA, TWOKA DOM

I Modul es Used: APM MOD

! Calling Routines: APMNIT, TROPAON T

! Routines Called:

! APM Speci fic: NONE

! Intrinsic: DABS, DVAX1, DM N1, DSQRT

I GLOSSARY:

! I nput Vari abl es:

! IORG = Integer flag indicating calling routine.
!

!

IORG=0->called fromAPMN T
IORG =1 ->called fromTROPON T
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! Qut put Vari abl es: See universal glossary for common vari abl es.

! Local Vari abl es:

! A0 = Angle at start of trace in radians.

! Al = Angle at end of trace in radians.

! ASTART = Starting |l aunch angle for ray trace.

! ELV_ LIM= Liniting elevation angle - no nore than 10 degrees.

! GRD = Gradient of current refractivity |ayer being traced through.
! HO = Height at start of trace in neters.
! HL = Height at end of trace in neters.
! HWTMP = Maxi mum trace hei ght.
! RO = Range at start of trace in neters.
! R1 Range at end of trace in neters.
! Current output range to trace to.

RO
subroutine get_k( iorg )
use apm nod

inplicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

! Define inline ray trace functions:

radal( a, b ) =a**2 + 2. * grd * b l'a=a0, b=h1-hoO
rp( a, b) =a+b/ grd la=r0, b=al-a0

astart = acrit

I Try to include as nuch of beanwi dth and el evation angle region wthin PE calcs,
I limt it to 10 degrees nax.

if( iorg .eq. 0) then
astart = degb

if( ihybrid .eq. 0 ) then I'Ai rborne node
elv_|lim= dmnl( deglO, dabs( elv ) )
bwt = bw

if( ipat .eq. 1) bwt = 0.
astart = dmnl( dnmax1( astart, bw + elv_lim), degl0 )
if( fter ) astart = dmnl(astart*1.5, deglO)
end if
end if

if(( ihybrid .ne. 2 ) .or. (iorg .eq. 1)) then

I Trace elevation angle fromenitter height up to maxi mum hei ght HTLI M

! Then conpute TWXKA (2*k*a) for portion above PE region.

IUse in routines AIRBORNE and FEMto correct heights for earth
Icurvature and average refraction. EK and AEK are used in routine TROPO

theta75_a = 0.

iflag =0

a0 = astart
ro = 0.

i = istartl
hO = antref

hnxt np = htdun(l vl ep)

DO VH LE ((htdun(i+1) .LT. hnxtnp) .AND. (i .LT. lvlep))
grd = grdunt(i)
rad = radal( a0, htdum(i+1)-h0 )

al = dsqgrt( rad )

rl =rp( r0, al-a0 )

a0 = al

ro =ril

hO = htdun(i +1)

if(( hO .gt. htlim) .and. ( iflag .eq. 0)) then
grd = grdumn(i)
rad = radal( a0, htlimhtdun(i) )

al = dsqrt( rad )
theta75_a = al
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iflag = 1

end if
=i +1

END DO

if(C hO .It. htlim) .and. ( iflag .eq. 0 )) then
grd = grdunt(i)

rad = radal( a0, htlimhO)
al = dsgrt( rad )
theta75 a = al
iflag = 1

end if

grd = grdun(i)

rad = radal( a0, hnxtnp-hO )

al = dsqgrt( rad )

rl =rp( r0, al-a0 )

aek = rl1/ (al - astart)

twoka = 2. * aek

if( iorg .eq. 1) ek = aek / 6.371d6
end if
I Trace elevation angle fromenmitter height down to surface.
! Then conpute TWXKA DOM (2*k*a) for portion bel ow PE region.
!'Used in routines AIRBORNE and FEM to correct heights for earth
lcurvature and average refraction.
if(( ihybrid .eq. 0) .and. ( iorg .eq. 0 )) then

ala = -astart

al = 0.d0
a0 = ala
ro = 0.d0
i = istartl
hO = antref
DOW LE (( hO .ge. hnref ) .and. (i .ge. 0))
grd = grdun(i)
rad = radal( a0, htdun(i)-h0 )
al = -dsqrt( rad )
rl =rp( r0, al-a0 )
a0 = al
ro =ril
hO = htdun(i)
i=i-1
END DO
twoka_down = 2. * r1 / (al + astart) I'l'aunch angle is negative(-5 deg.)

theta75 = dmax1( theta75_a, astart )
end if

end subroutine get_k

A.1.12 Subroutine GETALN

| EEEE R R R R EEEEEEEEEEEEE RS SUBRQJTI NE E"ALN EE R R RS S SRR EEEEEEEEEEEEEEEEEEE S

| Modul e Nanme: GETALN
! Modul e Security O assification: UNCLASSI FI ED

Pur pose: Conputes the i npedance term ALPHAQ and the conpl ex index of
refraction for finite conductivity. These formulas follow
Dockery and Kuttler's method. Ref:

Sol utions of the Parabolic Wave Equation", |EEE Trans.
Prop., Vol. 44, No.12, Decenber 1996, pp. 1592-1599.
2) JHU APL in-house report A2A 00-U 0- 010.

I Version Nunber: 1.3.0
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I I NPUTS:
! Argunent List: GRZA, R
! Common: DELZ, DR FKO, I1ALG IG PO, N QFKO RUF
! Public: CN2()
! Data: Q
QUTPUTS:
Argunent List: NONE
Common: ALPHAQ Cl1X, @X, COWFT_X, RK RT
Public: RN\()
I Modul es Used: APM MOD
! Calling Routines: ALN INT, PESTEP
! Routines called:
! APM Speci fic: GETREFCCOEF
! Intrinsic: CDEXP, CDLOG CDSQRT, CWPLX, DSIN, REAL
I GLOSSARY:
! I nput Variabl es: See universal glossary for conmon variabl es.
! GRZA = GGazing angle in radi ans
! R = Current PE range in neters
! Qut put Vari abl es: See universal glossary for common vari abl es.
! Local Vari abl es:
! AD = Portion of exponent termfor calculation of coefficients, C1X QC2X,
! OWFT_X.
! REFCOEF = Conpl ex refl ection coefficient.
! RVAG = Magnitude of reflection coefficient.
! RPHASE = Phase of reflection coefficient.
subroutine getaln( grza, r )
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

conpl ex(ki nd=8) ad, sqrad, rootln, refcoef

rk = cnpl x( 0.d0, 0.dO0, 8)

I Determ ne smoot h surface inpedance termfor horizontal polarization.

if( ipol .eq. 0 ) alphag = gifko * cdsqgrt( cn2(ig) - 1.d0 )

I Det erm ne snoot h surface inpedance termfor vertical polarization.

if( ipol .eq. 1) alphag = gifko * cdsqrt( cn2(ig) - 1.d0 ) / cn2(ig)

I Det erm ne snoot h surface i npedance termfor circular polarization.

if( ipol .eq. 2 ) alphag = 2. * gifko * cdsqrt( cn2(ig) - 1.d0 ) / (cn2(ig) + 1.d0)

if(( ruf ) .and. ( grza .gt. 1.d-6 )) then I Det erm ne rough surface
i npedance.

call getrefcoef( 1, grza, r, REFCOEF, RVAG RPHASE )
al phaq = qifko * dsin(grza) * (1.d0 - refcoef ) / ( 1.d0 + refcoef )

end if
ad = al phaq * del z
if( ialg .eq. 1) then 'dd central difference DMWT

sgrad = cdsqgrt( 1.d0 + ad**2 )
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if( real( alphag, 8 ) .It. 0.d0 ) then
rt = -sqgrad - ad !H pol

el se
rt = sqgrad - ad !V pol
end if
el se ! Backward di fference DVFT

rt =1.d0 / ( 1.d0 + ad )

end if
rn(0) = cnplx( 1.d0, 0.dO0 )
doi =1, n

rn(i) =rn(i-1) * rt
end do

rootln = cdlog( rt )
ad = (rootln / delz)**2

I Conpute C propagators.

if(ialg .eq. 1) then
rk = 2.%(1.d0 - rn(2)) / (1.d0 + rn(2)) / (1.d0 - rn(n)**2)
clx = cdexp( qi * dr * cdsqrt(fko**2 + ad) )
ad = ( (rootln - qgi * pi ) / delz )**2
c2x = cdexp( qi * dr * cdsqgrt(fko**2 + ad) )
el se
cnft_x = cdexp( gqi * dr * cdsqrt(fko**2 + ad) )
end if

end subroutine getaln

A.1.13 Subroutine GETGRAZE

! R R R S S S S S S S S SLBROJTI NE (E‘I'GQAZE kkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkhkkhkkkkk*x
I Modul e Nane: GETGRAZE
! Modul e Security O assification: UNCLASSI Fl ED
I Purpose: Computes grazing angles for use in subsequent rough surface cal cul ations.
! Version Number 1.3.0
I NPUTS:
Argunent List: HTRAP, THWXG
Common: ACUT, ANTREF, DR DR2, FTER |HYBRID, |IPE, LDUCT, LEVAP, N, N34, NF4,
NPROF, Pl 2, RHOR, RMVAX

Public: FILT(), TYH()
Paraneter: P, Q

QUTPUTS:
Argunent List: | ERROR
Conmmon:  None
Public: GRZ PE(), GRZ_RAY(,), IGPE IGRZ

I Modul es Used: APM MOD

I Calling Routines: APMN T

! Routines Called:

! APM Speci fic: DOSH FT, FRSTP, RDTRACE, REFINTER, SPECEST

! Intrinsic: ALLOCATE, ALLOCATED, CDEXP, M NO, DM N1, DEALLCCATE

| GLOSSARY: See universal glossary for coommon and public variabl es

! I nput Variabl es: See universal glossary for common vari abl es.
! HTRAP = Hei ght of highest trapping layer in neters fromall
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! refractivity profiles.
! THWXG = Maxi mum PE propagati on angle for grazing angle calcs (3 degrees).

! Qut put Vari abl es: See universal glossary for common or public vari abl es.
! | ERROR = Integer value returned (non-zero) if errors occur in allocat-
! ing or deallocating GRAZE().

! Local Vari abl es:

! IC = Index counter for GRZ_PE().

! | PESTP = I nteger counter for current PE range step.

! R = Qurrent PE range in neters.

! RM D = Range mi d-way between current and | ast PE range.
! THOUT
! TYH R

G azing angl e determ ned fromspectral estimation.
Hei ght of terrain wr.t. HWEF at each PE range step.

subroutine getgraze( htrap, thnxg, |ERROR )
use apm nod

implicit integer(kind=4) (i-n)
inplicit real (kind=8) (ah, o 2)

ierror 0

igpe = 0
! Performray trace to deternine grazing angles.

call rdtrace( thnxg, |ERROR)
if( ierror .ne. 0) return

I Conpute grazing angl es using PE spectral estinmation only if terrain is present
I or if a surface-based duct has been specified. Determ ne grazing angle by conplete
I PE run for smooth surface (i.e., 0. w nd speed).

if( ((lduct) .and. (.not. levap)) .or. (fter) ) then
if( allocated( grz_pe ) ) deallocate( grz pe, stat=ierror )
allocate( grz_pe(0:ipe), stat=ierror )
if( ierror .ne. 0 ) return
grz_pe = 0.d0
grz_pe(0) = pi2

ylast = 0.
if( fter ) ylast = tyh(0)
do while( r .It. rmax )
r =r +dr
ipestp = mnO( ipestp + 1, ipe)
rmd =r - dr2

I Status for stand-al one APM program
I *%%* COMMENT THI'S LI NE | F | NCORPORATI NG | NTO OTHER SOFTWARE APPLI CATI ON W TH GRAPHI CS*** *

wite(*,*) 'Conputing grazing angle for range(km ="', r*1l.e-3

if( fter ) then
ycur = tyh(ipestp)

! Determne height at 1/2 range step - for interpolation on refractivity
! profiles.

ycurm= .5 * ( tyh(ipestp-1) + ycur )
if( ycur .It. ylast ) call doshift

end if

| Performfree-space step advance for snmooth surface, horizontal pol.
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I Transform U() to p-space, then nultiply by free-space propagator
I then transformback. Upon return U() is in z-space.

call frstp( U)
I I'f range- dependent case, then interpolate on profile

if(( nprof .gt. 1) .or. ( fter )) then
call refinter( ipestp, rmd)

! Conpute environnental phase termfor 2nd part of PE step
envpr = cdexp( qgi*dr * profint )
! Filter upper 1/4 of the array.

envpr(n34:n) = filt(0:nf4) * envpr(n34:n)
end if

I Miltiply by environnent term
u=u* envpr
if(( fter ) .and. ( ycur .ge. ylast )) call doshift
! Determine grazing angle by spectral estination
ic=mno( ic +1, ipe)
call specest( 1, THOUT )

if(( .not. fter ) .and. ( r .gt. rhor ) .and. ( htrap .eq. 0. )) then
grz_pe(ic) = dmnl( acut, thout )

el se
grz_pe(ic) = thout
end if
ylast = ycur
end do

if(ic .lt. ipe) grz_pe(ic:ipe) = grz_pe(ic)
igpe = ipe

end if

end subroutine getgraze

A.1.14 Subroutine GETTHMAX

! R R R R S S R SLBROJ’]’I NE EIT'_IVAX khkhkhkhkhkkkhkhkhkhkhkhkhkhkdhhhhihk
! Modul e Nane: GETTHVAX
! Modul e Security O assification: UNCLASSI Fl ED

I Purpose: This first part of this routine perforns an iterative ray

! trace such that, upon reflection, the ray clears the highest

! terrain peak along its path by 20% Heights and angl es of

! this ray are stored at each output range. The 2nd part of this
! routine determnes the mnimum PE propagati on angl e

! necessary to neet the following criteria when using the ful

! hybrid node (i.e,. IHYBRID=1): 1) Top of the PE

! region must contain ALL trapping layers for all refractivity

! profiles, 2) top of PE region nmust be at | east 20% hi gher than
! hi ghest peak along terrain profile, 3) nmininum PE propagation
! angl e nust be at |east as |large as PSI LI M

! Version Nunber: 1.3.1

I I NPUTS

! Argurment List: ALFLIM HTERVAX, HTEST, RFLAT, ZTEST
|

1

Common: ANTHT, ANTREF, FREQ FTER HILIM |ALG |HYBRI D, |START1,
| TPA, NRQUT, RVAX, RUF, W, YFREF, ZLIM ZTQL
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! Data: RADC
! Par aneter: | RTEMP
! Public: GRDUM), HTDUM), RNGOUT(), SLP(), TX(), TY()

I QUTPUTS:

! Argunent List: |ERR THETAMAX

! Conmon: ALAUNCH, HTEMP(), I|AP, LN, NOPE, PSILIM RAYA(), RPEST, RTEMP(),
! THETA75, ZMAX

! Public: HLIM)

! Modul es Used: APM MCD
I Calling Routines: APMNT

I Routines Called:
! APM Speci fic: FFTPAR, TRACE_ROUT

! Intrinsic: DABS, DASIN DBLE, DEXP, DVAX1, DM N1, DSIGN, DSQRT, |DI NI, MAXO, M NO,

REAL
| GLOSSARY: See universal glossary for common and data vari abl es.

! | nput Vari abl es:

! ALFLIM = El evation angle of ROIlimting ray in radians. Used to

! initialize launch angle in GETTHVAX routi ne.

! HTERMAX = Maxi numterrain height along profile path in neters.

! HTEST = M ni mum height in nmeters at which all trapping

! refractivity features are bel ow (includes sone slop).

! RFLAT = Maxi mumrange in nmeters at which the terrain profile

! renmains flat fromthe source.

! ZTEST = Height in PE region that nust be reached for hybrid nodel.

! Qut put Vari abl es:
! IERR = Integer flag returned fromcall to FFTPAR
! THETAMAX = Maxi num propagati on angl e used in the PE nodel .

Local Variabl es:

A0 = Angle at start of trace in radians.

Al = Angle at end of trace in radians.

AMLIM = Mnimum PE angle limt, i.e., THETAMAX nust be at |east
this val ue.

AMXCUR = Maxi mum | ocal angle along the traced ray up to ZLIM (with
mnimmlimt AMLIMN.

ATEMP = Tenporary THETAMAX, i.e., ATEMP = AMKCUR/ .75

Bl-3 = Coefficients of polynomal to determ ne AMLIM

DRTEMP = Range step for ray tracing.

GRD = Gradient of current refractivity |ayer being traced through.

HO Height at start of trace in neters.

HL Hei ght at end of trace in neters.

HMI = Used for near ranges and | ow antenna hei ghts over terrain, this is a
mul tiplicative factor that |owers the 20%ray clearance limt for these

cases.
IQUT = Integer flag indicating to quit (1 QJT=1) tracing of

IRAY = Integer flag to continue raytracing (I RAY = 0) or to stop
(I1RAY = 1).

IREF = Integer flag indicating if ray has hit surface within a range step:

0 = no reflection
1 =reflection

JL = Index for refractivity profile - current |ayer being traced
t hr ough.
KT = Counter index for terrain profile arrays TX() and TY().

RO Range at start of trace in neters.

R1 Range at end of trace in neters.

SLOPE = Slope of current terrain segnent.

T1-3 = Constants used in polynomal to determne AMLIM

TOL = Iterative height tolerance to test if appropriate conbination
of THETAMAX, FFT size, and ZMAX has been reached to neet
all criteria.

YN = Height of terrain at current range for traced ray.

YNT = Height of terrain at source.

ZLIMI = Maxi num height to trace to (includes sone slop).

|
|
|
|
|
|
|
|
!
|
!
|
!
|
!
|
!
! current ray and begin again with a new | aunch angl e.
!
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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subroutine getthmax( htest, htermax, rflat, ztest, alflim alimv, THETAMAX, |ERR)
use apm nod

implicit integer(kind=4) (i-n)

implicit real (kind=8) (a-h, o 2z)

data t1, t2, t3 / 248.4, 2867., 2495. /

data bl, b2, b3/ 4.331, 1.420, .4091 /

data aoff / .37541d0 / I'smal | angul ar of f set

! Define inline ray trace functions:

radal( a, b ) = a**2 + 2. * grd * b l'a=a0, b=h1-ho
rp( a, b =a+b/ grd la=r0, b=al-a0
ap( a, b) =a+b * grd la=a0, b=r1-r0
hp( a, b, ¢ ) =a + ( b**2 - c**2 ) / 2. | grd !'a=h0, b=al, c=a0

ierr =0

| Determine mnimmPE angle limt, AMLIM

fl=-freq/ t1l
f2 =-freq / t2
f3 =-freq/ t3
il=0
i2=0

amim= 2. * ( aoff + bl * dexp(fl) + b2 * dexp(f2) + b3 * dexp(f3) )
amim= amMim?* radc

if(( .not. fter ) .and. ( .not. ruf ) .and. ( ialg .eq. 0)) il =1
if((ialg .eq. 2 ) .and. ( freq .ge. 15.d3 ) .and. ( antref .gt. 5. )) i2 =1
if((il.eqg. 1) .or. (i2.eqg. 1)) amMim=.5"* amim

I Make sure maxi mum angl e can accomodat e | ow antenna heights for V pol.
if(ialg .eq. 2 ) then
alimvp = dasin( w / 2. / antht )
amim= dmax1( alinvp, amim)
end if
if(alimv .gt. 0.) amim=alimv !***FOR SPAWAR USE ONLY***

i | bef
I nmn

idint(amim/ deg5 )
Inmn + il bef

| Determine nultiplicative factor for height clearance of ray path.

den = dmax1( ty(1), 1.dO0 )

hnmt = dm nl( .2d0, antht / den )
if( hnt .1t. .1d0 ) hm = 0.dO
hm = hnmt + 1.dO

'Initialize variables used in ray tracing.

alaunch = alflim

if( ihybrid .eq. 1) alaunch = -al aunch

zlim = htlim- htlinfl.d-5

iray =0

yn = 0.

ynt = 0.

hstart = 0.

if(( ihybrid .eq. 1) .and. ( dabs(ty(1)) .gt. 1.d-3)) ynt = ty(1)
drtenp = rmax / dble( irtenp )

! Beginiterative ray trace to determne the launch angle, and subsequently
I THETAVAX.

do while ( iray .eq. 0)
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a0 = al aunch
ro = 0.

hO = antref

jl = istartl
kt =

sl ope = sl p(kt)
iquit =0

ro = 0.

iref =0

! Begin tracing ray to each 1/1 RTEMP range.

doi =1, irtenp
ro=ro + drtenp
do while( rO .It. ro)

rl =ro0

grd = grdun(jl)
al = ap( a0, r1-r0)

if( dsign(1l.d0,a0) .ne. dsign(1l.d0,al) ) then
1=0

=

1=rb( r0, al-a0)
end if
hl = hp( hO, al, a0 )

if(( al .ge. 0. ) .and. ( hl .ge. (htdun(jl+1) -
hl = htdun(j! +1)
rad = radal( a0, h1l-h0 )
al = dsqgrt( rad )
rl =rp( r0, al-a0)
i =jl +1
hl = dminl( htlim htdun(jl) )
elseif( al .le. 0. ) then
if(( hl .le. (ynt + hl1*1.d-5) ) .and. ( ynt .ge.
hl = ynt

rad = radal( a0, hi1-hO )
al = -dsqrt( rad )
rl =rp( r0, al-a0)
iref =1
end if
if( hi .le. (htdun(jl) + h1*1.d-5) ) then
hl = htdun(jl)
rad = radal( a0, h1-hoO )

al = -dsqgrt( rad )

rl =rp( r0, al-a0 )

jl = max0( O, jlI - 1)
end if

! The ray has hit surface and is reflected.

if( iref .eq. 1) then
al = -al
psilim= al
rpest =r1l
hstart = ynt
if(rl.gt. rflat ) iquit =1
if( dabs(hl-htdun(jl+1)) .le. h1*1.d-5) jI =jl
iref =0

end if

hO0 = hl

ro =rl

a0 = al

if( iquit .eq. 1) exit

end do

h1*1.d-5) )) then

htdun(j1)) ) then

+ 1

I Check to see that current height of ray is at |east 20% hi gher than

! current terrain height.
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if( fter ) then
do while((r0 .gt. tx(kt+1)) .and. (kt .It. itpa))
kt =kt +1
sl ope = sl p(kt)
end do
if(( ihybrid .eq. 2 ) .and. ( rO .le. 5.d3)) then
yn = hm * (ty(kt) + slope * ( r0 - tx(kt) ))

el se
yn = 1.2 * (ty(kt) + slope * ( r0 - tx(kt) ))
end if
end if
raya(i) = a0
htenmp(i) = hO
rtemp(i) =r0

if( ihybrid .eq. 1) then
if(C ho .It. yn) .and. (r0 .gt. rflat)) iquit =1
el se
if(( ho .1t. yn) .and. ( slope .gt. 0. )) iquit =1
end if
if( hO .ge. zlint ) exit
if( iquit .eq. 1) exit

end do

! If HOis less than current terrain height then increase (steepen) angle
! and performray trace again. Angle is initially downgoing for |HYBR D=1
! and upgoi ng ot herwi se.

if( iquit .eq. 1) then
if( ihybrid .eq. 1) then
al aunch = alaunch - 1.d-3
el se
al aunch = alaunch + 1.d-3
end if
el se

I If ZLIMis reached with no problens, then set initial launch angle -
I ray has been found with all heights, ranges, and angles stored. Set flag
! to quit.

iray =1
i hmax =
end if
end do
doi =ihmax, irtenp
htenmp(i) = hO
raya(i) = a0
rtenp(i) = rmax
end do

ihmax = mnO( ihmax, irtenp )

| Determine at what index the |ocal ray angl es becone positive,
I i.e., after reflection

j =1

do while(( raya(j) .It. 0. ) .and. (j .lt. irtenp))
=i

end do

iap = j
if( iap .eq. irtenp ) nope =1

if( nope .eq. 0 ) then
! Now det erm ne THETAVAX for PE region based on |ocal angles along ray.

i ok
|

i 0
if =

ag 0
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zlim= 0.
amxcur = 0.
tol _last = -1.

do while( iok .eq. 0)
j =iap
do j = iap, ihmax
if( htemp(j) .gt. (ztest - htenp(j)*1.d-5) ) exit
end do
ist = mnO( j, ihmax )

anmxcur = dabs( raya(l) )
doi =2, ist

if( dabs( raya(i) ) .gt. anxcur ) amxcur = raya(i)
end do

anxcur = dnax1( amim anxcur )
atenmp = anxcur / .75

if( ihybrid .eq. 2 ) ztest = dnax1( antref, htest, 1.2*hternax, 1000. )
| Conpute new ZTEST, ZMAX, DELZ, LN, N

call fftpar( Innmin, W, atenp, iflag, ZTEST, ZMAX, DELZ, LN, N, IERR)
if( ierr .ne. 0) return

if( iflag .eq. 0 ) then
iflag = 1
if( ihybrid .ne. 1) iok =1
elseif(( iflag .eq. 1) .and. ( ihybrid .ne. 2)) then
tol = dabs( ztest - zlim) / ztest
if( tol .le. ztol ) iok =1
if(( tol-tol _last .gt. 0) .and. ( tol_last .gt. 0. )) iok =1
tol _last = tol
end if
zlim= ztest

end do

theta75 = amxcur
t hetamax = atenp

ilaft = idint( theta75 / deg5 )

if( (Im-1Inmn) .It. (ilaft - ilbef ) ) then
In=1Ilnmn+ ilaft
N=2** LN
zmax=del z*dbl e(n)
end if
! Before exiting, fill in array HLIM).

if( ihybrid .eq. 1) then

call trace rout( psilim rpest, hstart, 0, nrout, htlim grdum htdum &
Ivlep, rngout, |IHW HLIM)

el se

call trace_rout( alaunch, 0.dO, antref, istartl, nrout, htlim grdum &
htdum Ivlep, rngout, IHVX HLIM)

end if

el se
theta75 = anmlim
thetamax = theta75 / .75
rpest = 1.1 * rmax
zlim= htlim

end if

do i =1, nrout
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if( rngout(i) .l1t. rpest ) hlin(i) = yfref
end do

end subroutine getthmax

A.1.15 Subroutine GRAZE_INT

[ %K KRR KKK AR AR Rk ko x % SUBROUTI NE GRAZE. | NT %% % %% % % % 4k 5k %% % %

I Modul e Nane: GRAZE | NT

! Modul e Security O assification: UNCLASSI FI ED

Pur pose: Interpol ates grazing angl es at each PE range step based on angl es
computed fromray trace (takes precedence) and those conputed from

spectral estimation. These are used for subsequent rough surface
cal cul ati ons.

I Version Nunber 1.3.0

| NPUTS:
Argunent List: RFLAT
Common: ACUT, ANTHT, DR, DR2, DRGRZ, FTER, HWREF, |GPE, | GRZ,
IHYBRI D, | PE, LDUCT, LEVAP, Pl2, RHOR RVAX, YFREF
Public: GRZ_PE(), GRZ_RAY(,)
Dat a: AEKST

QUTPUTS:
Argunent List: | ERROR
Common: NONE
Public: GRAZE()

! Modul es Used: APM MCD
I Calling Routines: APMNT

Routi nes Cal |l ed:
APM Speci fic: PLINT
Intrinsic: ALLOCATED, M NO, DABS, DATAN, DBLE, DEALLOCATE, DWVAX1, DM N1, | DI NT,
SUM

I GLOSSARY: See universal glossary for common and public variabl es

! I nput Variabl es: See universal glossary for common vari abl es.
! RFLAT = Maximumrange in neters at which the terrain profile
! renmains flat fromthe source.

! Qut put Vari abl es: See uni versal glossary for common or public variables.
! | ERROR = Integer value returned (non-zero) if errors occur in allocat-
! ing or deallocating GRAZE().

! Local Vari abl es:

! GRZ_ANG = Interpol ated grazing angle.

! I CR = Nunber of grazing angles fromray trace within range interval RDR2 to
! R+DR2.

! PER = Range at which grazing angles fromPE spectral estinmation [GRZ_PE()]

! will be included in interpolation |oop.

! R = Current PE range in neters.

! REND = Range of end of skip zone if one exists.

! RGRZ = Range at which grazing angl e was conputed from PE spectral estination.
! RVD = Range mi d-way between current and | ast PE range.

! RSKI P = Approxi mate range interval of skip zone if duct is present.

! RSK = Hei ght curvature offset: current output range squared divided by

! (2*ek*a).

subroutine graze_int( rflat, |ERROR)
use apm nod

inplicit integer(kind=4) (i-n)
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implicit real (kind=8) (a-h, o 2)
ierror =0
I'I PE now represents nunber of PE range steps for "real" run

if( allocated( graze ) ) deallocate( graze, stat=ierror )
al |l ocate( graze(O:ipe), stat=ierror )

if( ierror .ne. 0) return

graze = 0.dO

graze(0) = pi2

r =dr

rgrz = drgrz

rmd = dr2

jri =1

jpe =1
=0

rskip = 0.d0

per = 0.dO

rend = 0.dO

I Check for possible skip zone and set range at which PE grazing angle wll
! be included

if(( lduct ) .and. ( .not. levap ) .and. ( rflat .gt. rhor )) then

i =1

do while(( grz_ray(i,2) .le. rhor ) .and. (i .It. igrz))
=i +1

end do

if( i .1t. igrz ) then
doj =1i-1, igrz-1

rdif =grz_ray(j+1,2) - grz_ray(j, 2)
if( rdif .gt. rskip ) then

rskip = rdif
rend = grz_ray(j+1, 2)
end if
end do

if( rskip .gt. 5.d3 ) per = dnminl( rflat, rend)
el se

per = rmax
end if

end if

! Start interpolation
doi =1, ipe

! Keep all grazing angles conputed fromray trace for ranges |ess than horizon
! range.

if( r .le. rhor ) then
do while(( grz_ray(k,2) .le. r ) .and. ( k .It. igrz))
k =k +1
end do
if( k.eq. 1) then
rsgk = r**2 / 2. /| aekst
s = (hnref - yfref + antht) - rsqgk
graze(i) = dabs(datan( s/ r ))
el se
rfrac = (r - grz_ray(k-1,2)) / (grz_ray(k,2) - grz_ray(k-1,2))
grz_ang = plint( grz_ray(k-1,1), grz_ray(k,1), rfrac )
graze(i) = dnmax1( 0.dO0, grz_ang )
end if
el se

1 Get nunber of points from GRZ_RAY() array within PE range interval RDR2 to R+DR2

icr =0
doj =jrl, igrz
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if(( grz_ray(j,2) .ge. rnd ) .and. ( grz_ray(j,2) .le. rnd+dr )) then
icr =icr +1
jrz2 =j
end if
end do

I'\Where grazing angles are available fromray trace, use these to interpolate grazing
langl e at each PE range step.

if( icr .gt. 0) then

jrl =jr2 - icr
if( grz_ray(jr2,2) .ge. r ) then
doj =jrl, jr2-1
if(( grz_ray(j,2) .le. r ) .and. ( grz_ray(j+1,2) .ge. r )) then
rfrac = (r - grz_ray(j,2)) / (grz_ray(j+1,2) - grz_ray(j,2))
graze(i) =plint( grz_ray(j,1), grz_ray(j+1,1), rfrac )
end if
end do
el se
graze(i) = sum( grz_ray(jril+l:jr2,1) ) / dble(icr)
end if
jrl =jr2

elseif(( igpe .gt. 0) .and. ( r .ge. per )) then

! herwi se, use grazing angles fromsnooth surface PE run to for interpolation of
lgrazing angl es at each range step for "real" PE run

jpe = mnO( igpe-1, idint( r / drgrz ) )
rgrz = dble(jpe) * drgrz
rfrac = (r - rgrz) / drgrz
graze(i) = plint( grz_pe(jpet+l), grz_pe(jpe), rfrac )
el se
graze(i) = 0.dO
if( levap ) graze(i) = grz_ray(igrz,1)
end if
end if
romd = rnd + dr
r=r +dr

end do

if( allocated( grz_pe ) ) deallocate( grz_pe, stat=kerror )
if( kerror .ne. 0) ierror = kerror

if( allocated( grz_ray ) ) deallocate( grz_ray, stat=kerror )
if( kerror .ne. 0 ) ierror = kerror

end subroutine graze_int

A.1.16 Subroutine INTPROF

| R R R RS EEE SRR EEEEEEEEEEEEEE] SLBRQJTI NE INTPRO: LR R R R R R R RS SRR R R R EEEEEEEEE RS

! Modul e Name: | NTPROF
I Modul e Security Cassification: UNCLASSI FI ED

! Purpose: Perfornms a linear interpolation vertically with height on the
! refractivity profile. Stores interpolated profile in PROFINT().

! Version Nunber: 1.3.0
I NPUTS:
Argunent List: NONE
Common: CON, N, NLVL
Public: HREF(), HT(), REFREF()

I QUTPUTS
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Ar gunent
Common:
Public:

Li st: NONE
NONE
PROFI NT()

Modul es Used: APM MOD

Calling Routines: APM N T, REFINTER

Routines Called: PLINT(function)

GLOSSARY:

I nput Variabl es: See universal glossary for conmmon vari abl es.

Qut put Variabl es: See universal glossary for common vari abl es.

Local Vari abl es:
HElI GHT = Height to interpolate to.
FRAC = Fractional height for interpolation.

SUBRQUTI NE i nt pr of

use apm nod

inplicit int
implicit real (kind=8) (a-h, o 2)

i
k

profint(0)

1
0

DOl =1,

hei ght =
do whil e(
i =]
k =j
end do

eger (ki nd=4) (i-n)

= refref(0) * con

ht (i)
( height .gt. href(j) ) .and. (] .1t. nlvl ))
+1

1

FRAC = (height - href(k)) / (href(J) - href(k))

profint (I

end do

) =plint( refref(k), refref(j), frac ) * con

END subroutine int prof

A.1.17 Subroutine PEINIT

(IR R R R R R R Rk R R SUBRQJTI NE PEI NI T EEEEEEEEREEEREEEEEEEEEEEEE S

Modul e Nane: PEINIT

Modul e Security O assification: UNCLASSI FI ED

Pur pose: |

nitializes all variables used in PE nodel routines.

Version Nunber: 1.3.1

I NPUTS:
Ar gunrent
Conmon:
Publ i c:
Data: PI

QUTPUTS:
Ar gurrent
Common:

Publ i c:

List: RFIX, |FLAG IPL

ANTHT, DELZ, FKO FK®, FTER FREQ N, NPROF, RVAX, RMULT, ZMAX
SLP(), TX(), TY()

» Q

List: I ERROR

ACUT, CON, DELP, DR DR2, DTHETA, DZ2, FNORM |IPE, 1ZINC N34, NrF4,
NML, Q FKO, RHOR

ENVPR(), FILT(), FRSP(), HT(), TYH), W)

Modul es used: APM MDD

Calling Routines: APMNT
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Routi nes Cal | ed:
APM Specific: ALLARRAY _PE, | NTPROF, XYINIT
Intrinsic: ALLOCATE, ALLOCATED, CDEXP, DATAN, DBLE, DCCS, DEALLOCATE, DWVAX1,
DM N1, DSQRT, | DNI NT

I GLOSSARY:

! I nput Vari abl es: See universal glossary for common vari abl es.

! | FLAG = Integer flag indicating where in APMNT the initializing will

! be perforned:

! 0 = called before GETGRAZE in order to conpute grazing angles
! 1 = called for real PE run

! I PL = Pol ari zati on

! 0 = hori zont al

! 1 = vertical

! RFI X = Range spacing of terrain points if equally spaced, otherw se = 0.

Qut put Variabl es: See universal glossary for conmon vari abl es.
| ERROR = Returning error flag:
0 = no error
non-zero = error found

Local Vari abl es:

ADR = First coefficient in polynomal equ. for calculating DR

ANG = Exponent term
ANG = -i*dr*[k-sgrt(k**2-p**2)] where k is the free-space
wavenunber, p is the transformvariable (p=k*sin(theta)), and
i is the imaginary nunber (i=sqrt(-1)).
B1DR = Second coefficient in polynonm al eq. for calculating DR
B2DR = Third coefficient in polynomal eq. for calculating DR
DRT = Limting range step value - for terrain cases.

RKM = Maxi mum range in km

subroutine peinit( rfix, ipl, iflag, IERROR)
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

conpl ex(ki nd=8) ang

data adr, bldr, b2dr / 55.67485d0, 3.52969d0, -0.01122d0 /

ierror = 0
con = 1.d-6 * fko
gi f ko gi * fko

dz2 = 2.d0 * delz
I Initialize variables for free-space propagator phase cal cul ations.

del p = pi/zmax
FNorm = 2.d0 / dbl e(N
dtheta = delp / fko
nnk =n -1

nfa =n/ 4
! Allocate and initialize all arrays associated with PE cal cs.
call allarray_pe( |ERROR)

! Determ ne horizon range based on transnmitter height and O recei ver height.
I RHOR = SQRT[ (2*k*nean earth radi us) ANTHT ]

r hor 4121.81198 * dsqrt( antht )

acut datan( antht / rhor )

dr = fko2 * del z**2 1Just use this as a basis, DR nay change later.
rkm=rmax * 1.d-3

| Determne PE range step and integer increnent at which to store
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! propagation factor, angle, and range at ZLIM

drt = adr + bldr*rkm + b2dr*rkm*2
if( fter ) then
dr = dmnl( dr, 700.dO )
dr = dmax1( dr, drt )
if( rfix .gt. 0. ) then
rd =rfix / dr
if( rd .1t. 1. ) then
dr =idnint( 1. / rd ) * rfix

el se
dr =rfix / idnint( rd)
end if
end if
izinc =1
el se
dr = dmax1( dr, drt, 100. )
izinc = 3

if( freq .ge. 5000. ) izinc = 2
if( freq .ge. 10000. ) izinc =1
end if

I'lf called for initialization of GETGRAZE routine, then set lower limt on
I PE range step

if( iflag .eq. 0) then

dr = dmax1( dr, 150.d0 ) - 1.dO
el se

dr = rmlt * dr
end if

dr2 = .5 * dr
ICal cul ate # of PE range steps.
ipe =idnint( rmax / dr ) + 1
if( fter ) then
if( allocated( tyh ) ) deallocate( tyh, stat=ierror )
allocate( tyh(0:ipe), stat=ierror )
if( ierror .ne. 0 ) return
| Determine terrain elevation for each PE range
r = 0.
tyh(0) = ty(1)
sl ope = slp(1)
kt =1

do
r

=1, ipe

=r +.dr

| Check to see if current range is past a range point in terrain profile
! If so, increnent counter, determne terrain height at current range

do while((r .gt. tx(kt+1l)) .and. (kt .It. itpa))
kt = kt +1
sl ope = sl p(kt)

end do

tyh(i) = ty(kt) + slope * ( r - tx(kt) )

end do
end if
I Initialize variables and set-up filter array for PE cal cul ati ons.
n34 = 3.* nf4

= pi / dble(nf4)
filt =.5+.5* dcos( (/(i, i=0, nfd)/) * cn75 )
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! Define nesh array in height
doi =0, n
ht(i) = dble(i) * delz
end do
! Determine the free-space propagator (p-space) arrays

DO 1=0, N

ak dble(i) * delp

= dbl
aksq ak * ak
aksq dsqgrt( fko**2 - aksq )
ang = qi*dr * ( aksq - fko )
frsp(i) = fnorm* cdexp( ang )
end do
! Filter the upper 1/4 of the propagator arrays.
frsp(n34:n) = filt(0:nf4) * frsp(n34:n)

I If over-water and range-independent case then initialize all refractivity
! and z- space propagator arrays now.

if((.not. fter) .and. ( nprof .eq. 1)) then
call intprof

| Conpute environnmental phase termfor 2nd part of PE step
envpr = cdexp( qi*dr * profint )
! Filter upper 1/4 of the array.

envpr(n34:n) = filt(0:nf4) * envpr(n34:n)
end if

! Initialize starter field
call xyinit( ipl )
end subroutine peinit

A.1.18 Subroutine PROFREF

| R RS RS S S S SRR SRR EEEEEEEEEEEE RS SUBRQJT‘I NE PRO:REF R R R RS R SRR EEEEEEEEEEEEEE S

! Modul e Narme: PROFREF
! Modul e Security dassificati on: UNCLASSI FI ED

! Purpose: This subroutine determnes the refractivity profile with respect
! to the reference hei ght YREF which, depending on the value of |FLAG
! can be HM NTER or the local ground hei ght above HM NTER

I Version Nunber: 1.3.0

I NPUTS:
Argunent List: |FLAG YREF
Common: | EXTRA, LVLEP
Public: HTDUM), REFDUM)

QUTPUTS
Argunent List: NONE
Cormmon: LVLEP, NLVL
Publ i c: HREF(), HTDUM), REFDUM), REFREF()

I Modul es Used: APM MOD
! Calling Routines: APM NI T, REFIN T, REFINTER

I Routines Called
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! APM Speci fic: NONE
! Intrinsic: DABS, |D NT

I GLOSSARY: See universal glossary for common vari abl es.

! I nput Vari abl es:

! | FLAG = 0: Profile arrays REFREF() and HREF() will

! hei ght HM NTER, and will al so be used to
! and HTDUM) .

! = 1: Profile arrays REFREF() and HREF() will

! | ocal ground hei ght.

! YREF = Reference height in nmeters at current range.

! CQut put Vari abl es: NONE

Local Vari abl es:
FRAC = Fractional height used for interpolation

IBVMSL = 0 -> YREF not bel ow nsl
IBMSL = 1 -> YREF bel ow nsl
JS = Integer index indicating at what index/Ievel i
YREF is | ocated.
RW = Interpolated Munit value at height YREF.
NEW. = New adj usted nunber of levels to be stored i
REFREF() .

subroutine profref( yref, iflag )
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

nlvl =1lvlep
href = 0. larray
refref = 0. larray

if( dabs(yref) .gt. 1.d-3 ) then

ibnmsl =0
js = -1

I Check to see if reference height is bel ow nean sea |evel.
if( yref .It. 0. ) then

ibmsl =1
js =0

be referenced to
initialize REFDUM)

be referenced to the

IBVMBL = Integer flag indicating if YREF is below nean sea | evel (msl)

n array HTDUM)

n HREF() and

I Get refractivity profile level at which the height of the ground is just

I above. This level is JS

el se
nfvimk = nlvl - 1
doi =0, nlvint
if(( yref .le. htdun(i+l) ) .and. ( yref .gt. htdun(i) )) js =i
end do
end if
| Determine the refractivity value at the ground and fill arrays HREF() and

! REFREF() with refractivity profile where height 0. nowrefers to the ground

| reference,i.e., either local ground height or HM NTER

if(( js .gt. -1 ) .or. ( ibnsl .eq. 1)) then
jspl =js + 1
frac (yref - htdun(js)) / (htdun(jspl) - htdum(js))
rmu = refdun(js) + frac * (refdun(jspl) - refdun(js))

if((iextra .eq. 0) .and. (ibnsl .eq. 1)) rnmu = refdun(js) + .118 * (yref-htdun(js))

if(idint( frac) .eq. 1) js = jspl
new =nlvl - js

refref(0) = rnu

href(0) = 0.
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k =js +1

do jk =1, new
refref(jk)
href(jk) =
k =k +1

end do

nlvl = new

if( iflag .eq. 0 ) then
Iviep = nlvl

= ref dun(k)
ht dun(k) - yref

refdum = refref larray
ht dum = href larray
end if
end if
el se

If the reference height is 0. then HREF()/REFREF() and HTDUM )/ REFDUM )
are equal .

href = htdum
refref = refdum
end if

end subroutine profref

A.1.19 Subroutine RDTRACE

| *****************************SLBROJ'I’I '\E HDTRAOE**********************

Mbdul e Name: RDTRACE
Modul e Security O assification: UNCLASSI FI ED

Purpose: Performs ray trace to deternine grazing angles for subsequent
use in rough surface cal cul ations.

Version Nunber: 1.3.0

I NPUTS:
Argunent List: THWG
Common: ANTREF, DR, FTER, HVAX, HTLIM IHYBRI D, |PE |START1, Pl2, RVAX, TWXA
Public: GRDUM), HTDUM), TYH()
Par aneter: Pl
Data: DEGLO

QUTPUTS:
Argunent List: | ERROR
Common: | GRZ
Public: GRZ_RAY(,)

Modul es Used: APM MOD
Cal I'i ng Routines: GETGRAZE

Routi nes Cal |l ed:
APM Speci fic: NONE
Intrinsic: ALLOCATE, ALLOCATED, DABS, DATAN, DBLE, DEALLOCATE, DMOD, DSQRT, DTAN,
MAX0, M NO, SIGN

GLOSSARY:

I nput Variabl es: See universal glossary for conmon and public vari abl es.
THWG = Maxi mum PE propagation angle for grazing angle calcs (3 degrees).

Qut put Variabl es: See universal glossary for common and public vari abl es.
| ERROR = Integer flag returning error if one occurs.

Local Vari abl es:
A0 = Angle at start of trace in radians.
Al = Angle at end of trace in radians.
AINCL = Angl e increnent of le-3 degree.
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Al NC2
Al NC3
AL = Launch angle

ANGVAX = Maxi mum angl e to trace to.
DEGH = 1/2 degree in radians.

DEGT = 1.5 degrees in radians.

GRD = Gradient of current

Angl e increment of 3e-3 degree.
Largest angle increnment - approx.

HO = Height at start of trace in neters.
HL = Height at end of trace in meters.
IHT = Integer flag indicating if ray has hit surface:
IHT =0 -> has not hit surface
JL = Index for refractivity profile - current |ayer being traced

t hr ough.
NMAX = Maxi mum nunber of grazing angles to

NRL = Nunber of rays to trace at increnment of Al NCL.
NR2 = Nunber of rays to trace at increnment of Al NC2.
NR3 = Nunber of rays to trace at increment of Al NC3.
RO = Range at start of trace in neters.

!
|

!

|

!

|

|

|

|

|

!

! IHT = 1-> has hit surface
|

|

|

|

|

|

!

! = Range at end of trace in neters.

! RSQK = Height offset to account for earth curvature.

! TSLOPE = Slope of terrain segnment at current traced range.
! YNT = Height of terrain at current traced range.

subroutine rdtrace( thmxg, |ERRCR)
use apm nod

inplicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

data nrl, nr2, nr3 / 1500, 1000, 500 / ! Nunber of

! angular intervals.
data degl / 1.7453292d-2 / 11 degree
| Define inline ray trace functions:
radal( a, b ) = a**2 + 2. * grd * b l'a=a0, b=h1-hoO
ap( a, b) =a+ b * grd la=a0, b=r1-r0
rp( a, b) =a+ b/ grd la=r0, b=al-a0
hp( a, b, ¢ ) =a+ ( b**2 - ¢c**2 ) [/ 2. | grd !a=h0, b=al, c=a0
angmax = t hnxg
degh = .5 * degl
degt = degl * 1.5

if( ihybrid .eq. 1) degt = degl

refractivity layer being traced through.

store in GRZ_RAY(,)

rays to trace at different

| arger increment between +.5 to +- 1.5 degrees

aincl = degt / dble(nrl) I'smal l er increnent between +-.5 degrees
ainc2 = 2.d0 * degt / dble(nr2) I next

ainc3 = 2.d0 *( thnxg - degt ) / dble(nr3) !largest increnent

nray nfrl +.5* (nr2 + nr3)

nmax = 10 * nray

if( allocated( grz_ray ) ) deallocate( grz_ray,
all ocate( grz_ray(0:nnex,2), stat=ierror )

if( ierror .ne. 0) return

grz_ray = 0.

grz_ray(0,1) = pi2

stat=ierror )

ynt 0.
if( fter ) ynt =tyh(1)

al = - angmax
igrz =0

do nr = 1, nray
a0
ho
ro

il

al
antref
0.d0
istartl
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iquit =0
icycle
t sl ope

0
0.do

! Special case if antenna height wr.t. the reference height is at refractivity
linflection point.

if( dabs(antref-htdun{istartl)) .le. 1.d-3 ) then
if( dabs(a0) .1t. 1.d-6 ) then
a0 = 0.do
rl = rnax
graze_ang = 0.dO
if( fter ) then

k =1

do while(( hO .gt. tyh(k) ) .and. (k .It. ipe))
k =k +1

end do

if( k .ge. ipe) then
rl = rmax
graze_ang = 0.dO

el se

hfrac = (hO - tyh(k-1)) / (tyh(k) - tyh(k-1))
rl = (dble(k-1) + hfrac) * dr
graze_ang = datan( (tyh(k)-tyh(k-1)) / dr )
end if
end if
igrz =igrz +1
grz_ray(igrz,1) = graze_ang
grz_ray(igrz,2) =r1l

al = al + aincl
icycle =1
elseif( a0 .1t. 0 ) then
it =il -1
end if
end if
if( icycle .eq. 1) cycle
ro = 0.dO
ihit =0
doi =1, ipe

ro =ro + dr

do while((r0 .It. ro) .and. (hO .le. htlimhO*1.d-5) .and. (iquit .eq. 0))
ihit =0
rl =ro
grd = grdun(jl)
al = ap( a0, r1-r0 )

if( dabs(a0) .lt. degl0 ) then
if(( sign(1.,a0) .ne. sign(l.,al) ) .and. (a0 .ne. 0.)) then
al = 0.
rl =rp( r0, al-a0 )
end if
hl = hp( hO, al, a0 )
el se

! If nore than 10 degrees, then use straight |ine geonetry.

rsgk = (r1-r0)**2 / twoka

al = a0

hli = h0o + (r1l- r0) * dtan(al) - rsqgk
end if

IAfter done with ray trace step, now determ ne current height of terrain and see if
lray has fallen bel ow this height.

if( fter ) then
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tslope = (tyh(i) - tyh(i-1)) / dr

if( dmod( r1, dr ) .gt. dr*1.d-5) then
rfrac = rl1 - dble(i-1)*dr
hter = tyh(i-1) + rfrac * tslope

el se
hter = tyh(i)

end if

IF( hl .le. hter-h1*1.d-5 ) THEN
ihit =1

! Det erm ne slope of |ine segnent going into ground

rdif =rl -r0
rslope = (hl - hO) / rdif

! Determ ne range and hei ght at which ray hits ground.

rinum= tyh(i-1) - hO - tslope*dble(i-1)*dr + rslope * r0
rl = rlnum/ ( rslope - tslope)
hl = hO + rslope * ( r1- r0)
if( dabs(hl) .le. 1.d-3 ) hl =0.d0
if( dabs(a0) .It. deglO ) then
al = ap( a0, r1-r0)

el se
rsgk = (r1-r0)**2 / twoka
al = a0
hli =h0 + (rl - r0) * dtan(al) - rsqgk
end if
END | F

end if

if(( al .ge. 0. ) .and. ( hl .ge. htdun(jl+1)-1.d-5)) then
hl = htdun(j! +1)
rad = radal( a0, h1-h0 )
al dsqgrt( rad )
rl rp( r0, al-a0)
it =jl +1
elseif(( al .le. 0. ) .and. ( hl .le. htdun(jl)+1.d-5)) then
hl = htdun(jl)
if( jl .eq. 0) ihit =1
rad = radal( a0, h1-h0 )

al = -dsqgrt( rad )

rl =rp( r0, al-a0 )

jl = max0( O, jlI - 1)
end if

if( hl .ge. htlimhl*1.d-5 ) then
hl = htlim
rad = radal( a0, h1-h0 )
al dsqgrt( rad )
ril rp( r0, al-a0)
end if

! The ray has hit surface and is reflected.

if( ihit .eq. 1) then
beta = datan( tslope )
graze_ang = beta - al
al = 2. * beta - al
igrz = mnO( igrz + 1, nmax )
grz_ray(igrz,1) = graze_ang
grz_ray(igrz,2) =r1l
if( dabs(grz_ray(igrz,2) - grz_ray(igrz-1,2)) .le. 1.d-3) then
igrz =igrz - 1
hO = hmax+1. dO
iquit =1
end if
end if
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a
if( a0 .ge. pi2) iquit =1
end do
end do

if( dabs(al) .It. degh ) then

al = al + aincl

el seif( dabs(al) .It. degt ) then
al = al + ainc2

el se
al = al + ainc3

end if

end do

! Sort tenporary grazing angle array.

k=1
do while( k .gt. 0)
k=0
doj =1, igrz-1
if( grz_ray(j,2) .gt. grz_ray(j+1,2) ) then
k =j
hk = grz_ray(j,2)
grz_ray(j,2) = grz_ray(j+1,2)
grz_ray(j+1,2) = hk
hk = grz_ray(j,1)
grz_ray(j,1) = grz_ray(j+1,1)
grz_ray(j+1,1) = hk
end if
end do
end do

end subroutine rdtrace

A.1.20 Subroutine REFINIT

| EE R R R R SUBRQJTI NE REFINT KAk KXk Ak hkhhh A hk Ak Ak xkhkhkhkhkhkdkhdrdrxxx%x

! Mbdule Nane: REFINIT
! Modul e Security O assification: UNCLASSI FI ED

! Purpose: Initializes refractivity arrays used for subsequent PE and RO
! cal cul ati ons

I Version Nunber: 1.3.0

I NPUTS
Argurent List: NONE
Conmon: ANTREF, FTER, HM NTER, | HYBRI D, LERR12, LWVLP
NPROF, RVAX, TROPO YFREF
Public: HVSL(,), REFMSL(,), RNGPROF(), TY()

QUTPUTS:
Argunment List: HTRAP, HTH CK, |ERROR, RWM N, RWVAX
Common: ACRIT, IS, ISTART, |START1, LDUCT, LEVAP, LEVELS, LVLEP, LVLP, NLVL,
RMIX, RV2, SNREF TX
Public: HVBL(,), HTDUM), GR(), GRDUM), Q), REFDUM), REFMBL(,),
RM), ZRT()

! Modul es Used: APM MOD

! Calling Routines: APMNT
! Routines Called

! APM Speci fic: PROFREF, REMDUP
! Intrinsic: ANY, DABS, DVAX1, DSQRT, |DI NT, MAXVAL, M NLCC
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| GLOSSARY: See universal glossary for common vari abl es
! I nput Vari abl es: NONE
! Qut put Vari abl es:

HTHI CK = Thi ckness in neters of highest trapping |ayer fromall

refractivity profiles.

HTRAP = Hei ght of highest trapping layer in nmeters fromall

refractivity profiles.

IERROR = -12 : Range of last refractivity profile entered (for
range dependent case) is less than RMAX. (This is
returned fromsubroutine REFINIT). WII only
return this error if error flag LERRI2 is set to
.TRUE.) .

=-13 : Height of first level in any user-specified refrac-
tivity profile is greater than 0. First height nust

be at ms.I. (0.) or >0. if belowms.I|.
= -14 : Last gradient in user-provided refractivity profile
i's negative.

RWAX = Maxi mum Mrunit val ue (x10e-6) of refractivity profile at or
bel ow ant enna hei ght at range 0.

RW N = M ni mum Munit val ue (x10e-6) of refractivity profile at
range O.

! Local Vari abl es:

! GRD = Gradient at current height/refractivity |level.

! HLARGE = Maxi mum height Iimt for last level in height/refractivity
! profiles.

! HTE = Height of mnimumMunit of 1st refractivity profile.

! IHTE = Index |evel of HTE

! RCRIT = M ni mum Munit val ue (x10e-6) of refractivity profile above
! transnitter height at range O.

! Hei ght at next higher profile point in nmeters.

! Hei ght at next |ower profile point in neters.

ZH
ZLO

subroutine refinit( HTRAP, HTH CK, RW N, RWAX, |ERRCR)
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2z)

dimension ihtel (1), icrh(1)

data hlarge/ 1.d6 /

ierror =0
rmmax = 0.
rmmn = 0.
rmtx = 0.
levap = .false.
I duct = .false.

| Test to see if last profile entered ( for range dependent case ) neets or

| exceeds RVAX, otherwi se, return error (unless error trapping is turned off -

! LERRL2 = .FALSE.).

if((nprof .gt. 1) .and. ((rngprof(nprof) .It. rmax) .and. (lerrl12))) ierror =-12

| Test to see that every user-specified profile begins with 0. height for
! 1st level in profile (allow for <0. height if belowms.|.).

if( any(hnsl (0,:) .gt. 0.d0 )) ierror = -13
if( ierror .ne. 0) return

do i =1, nprof

! Test on HDIF greater than O for profiles that contain multiple height/Munit val ues
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! that are equal. LVLP is already one nore than # of actual levels in profiles.

hdif =0

Ivinl = lvlp

Iving = lvlp

do while( hdif .le. 1.d-6) Ilgnore multiple height/ref. pairs
Iviml = lviml - 1
Ivim2 = 1lvim - 1
hdif = hnsl (Ivinl, i) - hnsl (lvinR,i)

end do

grd = (refnsl (Ivinl,i)-refnmsl (lvinR,i)) / hdif
! If last gradient in refractivity profile is negative then return error

if( grd .1t. 0 ) then
ierror = -14
return

end if

! Add extra level to tabulated profiles wth extrapol ated gradient.

hnsl (Ivlp, i) = hlarge
refnsl (Ivlp, i) = (hlarge-hnsl (Ivinl,i)) * grd + refmsl ( Ivinl, i )
end do

is=1
rv2=rngprof (is)

refdum(0:1vip) = refmsl( O:lvlip, is)
htdum(O: Ivip) = hnmsl ( O:lvlp, is)

lviep = lvlp

! Renove any duplicate levels in first profile and adjust HTDUM) and
! REFDUM) to mininumterrain height.

call remdup
call profref( hminter, 0)

| Determne surface refractivity at source range 0. for troposcatter calcs

snref _tx = 0.dO

if( tropo ) then
call profref( yfref, 1)
snref_tx = refref(0)

end if

I NLVL is now the nunber of height/refractivity levels in adjusted HTDUV)
I and REFDUM). Find height and thickness of highest trapping |ayer, if one
| exists, relative to HM NTER

htrap = 0
hthick =0
do i =1, nprof
doj =0, lvip1
grd = refmsl (j+1,i) - refmsl (j,i)
hpl = hmsl (j+1,i) - hmnter
if(( grd .It. 0. ) .and. (hpl .gt. htrap)) then
htrap = hpl
hpO = hnsl (j,i) - hmnter
hthick = hpl - hpO
end if
end do
end do

! Build gradient array and determ ne index |evel of antenna height.
istartl =0
doi =0, lvlep-1

if( antref .ge. htdun(i) ) istartl =i
refdif = refdun(i+1) -refdun(i)
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if( dabs( refdif ) .It. 1.d-2 ) refdun(i+1l) = refdunm(i) + 1.d-2
grdum(i) = 1.d-6 * (refdun(i+1)-refdun(i)) / (htdun(i+1)-htdun(i))

end do

Build Z and RMarrays for RO calculations if needed. Add |evel for
ANTHT, if needed.

if( ihybrid .eq. 1) then

zrt(0) = htdum(0)

rm(0) = 1.d-6 * refdun(0)
i =0
istart =

o

DOj =1, lvlep

zhi = htdun(j)

zlo = htdun(j-1)

=i +1

I F (dABS(zhi - antref) .LT. 1.d-3) istart =i

IF ((istart .EQ 0) .AND. (zhi .GT. antref)) THEN
zrt(i) = antref
ipl =i +1
iml =i -1
zrt (i pl) = zhi
rm(ipl) = 1.d-6 * refdun(j)
if( dabs( rn(ipl) - rm(inml) ) .It. 1.d-8 ) rn(ipl) = rn(inl) + 1.d-8
drndz = (rn(ipl) - ro(inl)) / (zrt(ipl) - zrt(inl))
r(i) = rm(inml) + drndz * (antref - zrt(inl))
istart =i
=i +1

ELSE
zrt (i) = zhi

rm(i) =1.d-6 * refdun(j)
if( dabs( rm(i) - rn(i-1) ) .It. 1.d-8 ) rm(i) =rn(i-1) + 1.d-8
END I F
END DO

H ghest profile point exceeds antenna height. Total nunber of
points in z array reduced by 1 since highest |level is not needed.

levels =i - 1

For special case when ground is initially flat, but at non-zero
hei ght, re-adjust all ROrefractivity arrays.

if(( dabs(ty(1)) .gt. 1.d-3 ) .and. (fter)) then

nl = levels
yref = ty(1)
href = 0.
refref = 0.
js = -1

Cet refractivity profile level at which the height of the ground is just
above. This level is JS.

doi =0, nl
if(( yref .le. zrt(i+l) ) .and. ( yref .gt. zrt(i) )) js =i
end do
Determine the refractivity value at the ground and fill arrays HREF() and

REFREF() with refractivity profile where height 0. nowrefers to the ground
reference,i.e., either local ground height or HM NTER

if( js .gt. -1 ) then
jspl =js +1
frac (yref - zrt(js))/(zrt(jspl) - zrt(js))
rmu = rm(js) + frac * (rm(jspl) - rn(js))
if( idint( frac) .eq. 1) js = jspl
newl =nl - js
refref(0) = rnu
href (0) = 0.
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k =js +1
do jk =1, new
refref(jk) = rn(k)
href(jk) = zrt(k) - yref
k =k +1
end do
level s = new
ri(:levels) = refref(:levels)
zrt(:levels) = href(:levels)
end if

! Re-determ ne antenna hei ght index.
istart = istart - js
end if

I Build GR and Q arrays for ray-optics and ray-tracing routines.

doi =0, levels
ipl =i +1
rod = r(ipl) - rn(i)
gr(i) =rmd / (zrt(ipl) - zrt(i))
q(i) =2. * rmd
end do

rmtx = rn(istart)

el se
rmx = refdun{istartl) + grdun{istartl) * 1.d6 * (antref - htdun{(istartl))
rmtx =rnmx * 1.d-6

end if

! Determne mninmum(1l. E6*M on profile above transmtter height.

rcrit = 0.dO

ist = istartl + 1

icrh = minloc( refdun{ist:) ) + ist
icr =icrh(1) - 1

rcrit = refdunm(icr) * 1.d-6

! Determine mnimum(1l.E6*M on profile, and maxi num M at or bel ow
! the transmtter.

ihtel = mnloc( refdum)
ihte = ihtel (1) - 1 | Subtract 1 because function M NLCC returns
romin = refdun(i hte) | elenment starting with "1".

hte = htdun(ihte)

rmmax = dmax1( rntx*1.d6, maxval ( refdun(O:istartl) ) )
rmmi n
I mrax

! Conpute critical angle if antenna is within duct.

acrit = 0.
if( rerit .le. rmx ) acrit =dsqrt( 2.d0O*(rmx - rcrit) ) + 1.d-6
if( ihte .gt. 0) lduct = .true.

| Test to see if evaporation duct profile has been specifi ed.

if(( nprof .eq. 1) .and. ( htrap .gt. 0. )) then
if(( hte .le. 40. ) .and. ( hte .gt. 0. )) then
gr2 = (grdun(ihte) - grdun(ihte-1)) * 1.d6
if( dabs( gr2 ) .le. .1 ) levap = .true.
end if
end if

end subroutine refinit
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A.1.21 Subroutine REMDUP

| khkkkkhkhkhkhkhkhkhkhkhkhkhhhkhhhhkk*k SUBRQJTI NE EWP R R R R S S S R R S R R

! Modul e Nane: RENVDUP
! Module Security O assification: UNCLASSI Fl ED
! Purpose: Renoves duplicate refractivity levels in profile.
! Version Nunber: 1.3.0
I NPUTS:
Argunent List: NONE

Comon: LVLEP
Public: HTDUM), REFDUM)

QUTPUTS:
Argunent List: NONE
Common: LVLEP
Public: HTDUM), REFDUM)

I Modul es Used: APM MOD

I Calling Routines: APM N T, REFIN T, REFINTER

! Routines Called:

! APM Speci fic: NONE

! Intrinsic: DABS

I GLOSSARY:

! I nput Variabl es: See universal glossary for comon variabl es.
! Qut put Vari abl es: See universal glossary for comon vari abl es.
subroutine rendup

use apm nod

implicit integer(kind=4) (i-n)
inplicit real (kind=8) (ah, o 2)

! Renove all duplicate levels in interpolated profile

i =0
do while( i .1t. lvlep)
ht1 = htdun(i)
ht2 = htdun(i +1)
if( dabs(ht1l-ht2) .le. 1.d-3) then

Iviep = lvlep - 1
doj =i, lvlep
jpl=j +1

ht dun(j) = htdun(jpl)
refdun(j) = refdun(jpl)
end do
i =i -1
end if
i =i +1
end do

end subroutine rendup

A.1.22 Subroutine TERINIT

[ R R SLBRQJTI NE TEH NI T R R R S S S S S S S S S S T

! Modul e Nane: TERINIT
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Modul e Security O assification: UNCLASSI FI ED

Purpose: This routine initializes the arrays TX() and TY() and all
associ ated terrain variabl es.

Version Nunber: 1.3.1

I NPUTS:
Argunent List: NONE
Common: ANTHT, HVAX, HM N, | TP, I TPA, LERR6, RVAX, RUF
Public: D ELEC(), IGRND(), TERX(), TERY()

QUTPUTS:
Argunent List: ANGU, HTERMAX, | ERROR RFI X, RFLAT
Common: ANTREF, FTER HM NTER HVREF, HTLIM RUF
Public: SLP(), TX(), TY()

Modul es Used: APM MOD
Calling Routines: APMNT

Rout i nes Cal | ed:
APM Speci fic: NONE
Intrinsic: ALL, ANY, DABS, DATAN, DBLE, DVAX1, |DN NT, MAXVAL, M NVAL

GLOSSARY: See universal glossary for common variabl es and paraneters.
I nput Variabl es: NONE

Cut put Vari abl es:
ANGU = Maxi num tangent ray angle fromsource to terrain peak
al ong profile path.
HTERMAX = Maxi numterrain height along profile path in nmeters.
I ERROR = Integer value that is returned if any errors exist in input
dat a:
-6 : Last range in terrain profile is less than RVAX
(WII only return this error if error flag LERRG
is set to .TRUE.).
-8 : HVMAX is |less than maxi mum height of terrain profile.
-9 : Antenna height wr.t. nsl is greater than maxi num
hei ght HVAX
-17 : Range points of terrain profile are not increasing.
-18 First range point is not O.
RFIX = I f terraln profile points are equally spaced, this is
autonatically determ ned and range spacing is set to RFIX
ot herwi se, RFIX = 0.
RFLAT = Maximumrange in nmeters at which the terrain profile
remains flat fromthe source.

Local Vari abl es:
ANGLE = Tangent angle fromsource to each terrain point in radians
HDEG = 1/ 2 degree in radians.
RDI F1 = Difference between adjacent terrain point elevations.
RDI F2 = Di fference between next adjacent terrain point elevations.
RDI FSUM = Runni ng sum of adj acent terrain point differences.
RFRAC = Maxi mum fracti on between adjacent terrain point differences.
SLOPE = Sl ope of terrain segnent.
SLPTOL = Terrain slope "fudge" factor.
X1, X2 = Range of Ith and I+1 terrain point, respectively.
Y1, Y2 = Height of Ith and | +1 terrain point, respectively.
XDl F = Range difference between adjacent terrain points.
YD F = Height difference between adjacent terrain points.

subroutine terinit( ANGQU, RFI X, RFLAT, HTERVAX, |ERROR)

use apm nod

implicit integer(kind=4) (i-n)
inplicit real (kind=8) (ah, o 2)
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data sl ptol

/ 1.d-51/

data hdeg / 8.726646d-3 /

fter = .fal se.
ierror =0
angu = 0.

hmnter = 0.

antref = antht

htermax = 0.
rflat = rnax

if( itp .gt.
I Check that

! tolerance of terrain slope

I 1/ 2 degree

0) fter = .true.

all terrain range points are increasing.

if( fter ) then

doi =1, itp-1
if( terx(i+l) .It. terx(i) ) then
ierror = -17
return
end if
end do

I Test to see that first

if( terx(1) .gt. 0.d0 ) then

ierror
return
end if

! Test to see if the | ast

= -18

range point

I If not then return error code.

if( terx(itp) .It. rmax ) then
if( lerr6 ) then
ierror = -6
return
end if

end if

| Determine if terrain profile points are spaced at fixed increments.

rdifl =

rfrac = 0.
rdi fsum =
doi =2,

terx(2)-terx(1)
0

rdifl
itp-1

rdif2 = dnax1( 1.d-3,
rdiff =rdif2/ rdifl

if( rdi

ff .gt. rfrac )

terx(i+1)

rfrac =

rdifsum= rdifsum+ rdif2
rdifl =rdif2

end do

I If it is determined that terrain points are spaced at fixed range

I increnents,

rfix = 0.
if( rfrac

then set this

dt. 1.05) rfi

i ncrenent

X = idnint( rdifsum/ dble(itp-1) )

range value is 0.

inthe profile neets or exceeds

- terx(i) )

rdiff

= RFI X

! Determne mninum height of terrain profile.

hmnter =

! Then adjust entire terrain profile by this m nimum hei ght HM NTER
! such that this is the new 0 reference.
| store adjusted terrain profile in arrays TX() and TY().

ty(l:itp)
tx(l:itp)

! Return error code if HVAX does not exceed the naxi mum hei ght of the

mnval ( tery )

= tery(l:itp) -
= terx(1l:itp)

hm nt er
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! terrain profile.

htermax = maxval ( tery )

if( htermax .gt. hmax ) then
ierror = -8
return

end if

! Add extra point to working terrain profile arrays TX() and TY().

if( tx(itp) .It. rmax ) then
tx(itpa) = rmax * 1.1
el se
tx(itpa) = tx(itp) * 1.1
end if
ty(itpa) = ty(itp)

antref = antht + ty(1)

iswitch =0

doi =1, itpal
yl = ty(i)
x1 = tx(i)
ipl =i +1
y2 = ty(ipl)
x2 = tx(ipl)
xdi f x2 - x1

ydif =y2 - yl
xdi f = dnmax1( xdif, 1.d-5)
slope = ydif / xdif

slp(i) = slope
| Determine first range point at which terrain profile is no longer flat.
if(( dabs(slope) .gt. slptol ) .and. ( iswitch .eq. 0 )) then
rflat = tx(i)
iswitch = 1
end if
I Cal cul ate angle nmade from each terrain point height to antenna hei ght above
! reference (HM NTER). Determ ne maxi num propagati on angle so that direct ray
I angle will clear highest peak
if( yl .gt. antref ) then
angle = datan( (yl-antref) / x1 ) !'angle fromreflected ray
if( angle .gt. angu ) angu = angl e
end if
end do
! Add 1/2 degree to the angle that clears the highest peak
angu = angu + hdeg

! Test if entire terrain profile is over land. |If it is, and rough surface
I cal cul ati ons have been specified, then turn RUF flag off.

if( ruf ) then

if(C all(igrnd .gt. 1) ) .and. ( all(igrnd .1t. 7) )) then TALl terrain
ruf = .fal se
elseif( any(igrnd .eq. 7) ) then I May be sea or fresh water
if( any(dielec(1,:) .It. 30. )) ruf = .false. 1Just test on relative
permttivity
end if lvalue for sea or fresh water
end if

end if
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hnr ef
htlim

hmn - hmnter
hmax - hmnter

Return error if antenna height is greater than naxi mum pl ot hei ght.

if( antref .ge. htlim1.d-3 ) ierror =-9

end subroutine terinit

A.1.23 Subroutine TRACE_ROUT

| ** *kkkhhkhhkhhhkdhhkhkhrdhxhkx*k SUBRQJTI ,\E TRA(:E RQJT kkhkkhkkhkhkhkhkhkhkhkkhkkhkkhkkkkkkkk*kx*x

Modul e Narme: TRACE_ROUT
Modul e Security O assification: UNCLASSI FI ED

Purpose: This routine traces a single ray to each output range ROUT
and stores the height reached in array HARRAY.

Version Nunber: 1.3.0

I NPUTS:
Argument List: AS, GRDUM), HS, HTDUM), HTLIM JLS, LVLEP, NROUT,
RNGOUT(), RS
Common: NONE
Publ i c: NONE
QUTPUTS:

Argunent List: HARRAY(), |HW
Conmon: NONE
Public: NONE

Modul es Used: NONE
Cal ling Routines: FILLHT, GETTHVAX
Routi nes Cal |l ed:

APM Speci fic: NONE
Intrinsic: DABS, DM N1, DSIGN, DSQRT, M NO

GLOSSARY:
I nput Vari abl es:
AS = Initial launch angle in radians
GRDUM() = Array of refractivity gradients defined by profile HIDUM),
REFDUM )

HS = Initial height in neters
HTDUM) = Height array containing height values for current (interpol ated)
profile in meters, relative to HM NTER

HTLI M = user -suppl i ed maxi num hei ght relative to HM NTER, i.e.,
HTLI M = HVAX - HM NTER

JLS = Starting refractivity profile |evel

LVLEP = Nunber of height/refractivity levels in profile REFDUM ), HTDUM )
taken w.r.t. reference hei ght HM NTER

NROQUT = integer nunber of output range points desired

RNGOUT() = array containing all output ranges in neters.

RS = Initial range in neters

Qut put Vari abl es:
HARRAY() = Height of ray at each output range.
I HW = Qut put range step index where maxi mum hei ght HTLIMis reached in
array HLIM).

Local Vari abl es:
A0 = Angle at start of trace in radians.
Al = Angle at end of trace in radians.
GRD = Gradient of current refractivity |ayer being traced through.
HO Height at start of trace in neters.
HL Hei ght at end of trace in neters.
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! IQUT = Integer flag indicating when to term nate trace | oop

! JL = Index for refractivity profile - current |ayer being traced
! t hr ough

! JR = Integer index counter.

! RO = Range at start of trace in neters

! RO = Current range to trace to

! Rl = Range at end of trace in meters.

subroutine trace rout( as, rs, hs, jls, nrout, htlim grdum htdum &
Ivlep, rngout, |HW HARRAY )

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

real (kind=8) grdunm(0:*), htdum(0:*), rngout(*), harray(*)

! Defineinline ray trace functions

radal( a, b ) =a**2 + 2. * grd * b la=a0, b=h1l-hO
rp( a, b) =a+b/ grd la=r0, b=al-a0
ap( a, b) =a+ b * grd la=a0, b=r1-r0
hp( a, b, ¢ ) =a + ( b**2 - ¢c**2 ) [/ 2. | grd !a=h0, b=al, c=a0
ihnk =0
a0 = as
ro =rs
hO0 = hs
il =jls
jr =1
do while( rO .ge. rngout(jr) )

jr =jr +1
end do

harray(1:jr) = 0.
iquit =0

do while(( iquit .eq. 0) .and. ( jr .le. nrout ))
harray(jr) =0
ro = rngout(jr)

do while(( rO .l1t. ro) .and. ( hO .le. htlimhO*1.d-5))

rl =ro

grd = grdun(jl)
al = ap( a0, r1-r0)

if( dsign(l.,a0) .ne. dsign(1l.,al) ) then
al = 0.
rl =rp( r0, al-a0 )

end if

hl = hp( hO, al, a0 )

if( hl .gt. (htdun(jl+1) - hi*1.d-5) ) then
hl = dmnl( htlim htdun(jl+1) )
rad = radal( a0, hl-hO0)

al = dsqrt( rad )
rl =rp( r0, al-a0)
jl =mno( lvlep, jI +1)
elseif( hl .gt. htlim- hl*1.d-5) then
hli = htlim

rad = radal( a0, hl-hO0)

al = dsqrt( rad )

rl =rp( r0, al-a0)
iquit =1

end if

a0
hO0
ro

al
hl
rl

end do
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harray(jr) = hoO
if( dabs(hO-htlim .le. 1.d-5) iquit =1
jr =jr +1
end do
if(jr .le. nrout ) then
harray(jr:nrout) = htlim
ihmk =jr
end if

end subroutine trace_rout

A.1.24 Subroutine TROPOINIT

!********************* SUBRQJTI NE TRCPO NIT R R SRR SRS RS SR SRS RS R EREEE]
! Modul e Name: TROPONT
! Modul e Security Cassification: UNCLASSI FI ED

! Purpose: This routine initializes all variables and arrays need for
! troposcatter |oss conputations.

I Version Nunber 1.3.0

I NPUTS:
Argunent List: NONE
Conmon: ANTREF, FREQ FTER, |PE, NROUT, NzZOUT
Public: RNGOUT(), TYH(), ZOUT()

QUTPUTS:
Argunent List: NONE
Common: AEK, EK, JT2, THETALS, TLSTWR TWXA, RI1T, RF,
Public: ADIF(), D2S(), RDT(), THL(), THETAO(), THETA2S()

! Modul es I ncl uded: APM MOD
! Calling Routines: APMNT

! Routines Called:
! APM Speci fic: ANTPAT, GET_K
! Intrinsic: ALLOCATE, ALLOCATED, DBLE, DEALLOCATE, DLOGLO, DSQRT

I GLOSSARY:
! I nput Vari abl es: See uni versal glossary for common vari abl es.
! Qut put Vari abl es: See uni versal glossary for common vari abl es.

! Local Vari abl es:

! ALD = Log of antenna pattern factor for ALPHAD where ALPHAD here
! represents lowest direct ray angle in optical region.

! Dl = Range of each terrain point in neters

! D1S = Tangent range in nmeters for source hei ght over snooth

! surface.

! D2 = Tangent range in neters for output receiver height Z

! over snooth surface.

! FACTR = Antenna pattern factor for angle ALPHAD.

! HL = Height of each terrain point in neters

! QA = Termfor determning horizon range.

! RDHORL = M nimumrange (in nmeters) at which diffraction field

! sol utions are applicable and internedi ate regi on ends,
! for snooth surface and O receiver height.

subroutine tropoinit

use apm nod
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inplicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

if( fter ) then
if( allocated( thl ) ) deallocate( thl, stat=ierror )
all ocate( thl(ipe), stat=ierror )
if( ierror .ne. 0) return
thl =
end if
Iotain effective earth radius factor
call get_k( 1)
'I'nitialize THETAO angl e array.
theta0 = rngout / aek
I'I'nitialize ternms used in calculation of troposcatter |oss.

rf =.0419 * freq
rlt =rf * antref

IInitialize range to tangent point, DLS, and tangent angle
| THETALS, for source over snooth surface

ald =0
dils dsgrt( twoka * antref )
thetals = dls / aek

1Get antenna pattern |loss term ALD, based on snooth earth tangent
langl e.

al phad = thetals + 1.d-6
call antpat( al phad, FACIR)
if( factr .ne. 0. ) ald = 20. * dlogl0( factr )

! Determ ne the m ni numrange, RDHORL, at which diffraction field
Isolutions are applicable and internediate region ends, for snooth
I'surface and O recei ver height.

ga = 230200.d0 * ( ek**2 / freq )**.3333333
rdhorl = dsqrt( twoka * antref ) + ga lin meters

Ilnitialize tangent range and tangent angle, D2S & THETA2S, (for snooth
I'surface) for all output receiver heights

do i = 0, nzout
= zout(l)
|f( z 0. ) cycle

d2 = dsqrt( twoka * z )
theta2s(i) = d2 / aek
d2s(i) = d2

! Determ ne mni mumrange, RDT(), at which diffraction field
I'solutions are applicable and internediate region ends (for snooth
Isurface) for all output receiver heights. Initialize ADIF() for use
lin TROPO routi ne.

rdt(i) = rdhorl + d2
adif(i) = antref - z
end do

I'For terrain, determne all tangent angles, THL()

if( fter ) then
ald =
doi =1

i)

(i) * dr

n

i pe
h(i
e
antref - hl) / dl1 + d1 / twoka

hi = tyh
dl = dI
angl = (
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thi(i) = angl
end do

IlInitialize array index counter.

jt2 =1
end if

Ilnitialize troposcatter loss term
tlstww = 54,9 + 30. * dlogl0( freq) - ald

end subroutine tropoinit

A.1.25 Subroutine XYINIT

| LR EEEE RS S SE SRR EEEEEEEEEEEEEEE] SLBRQJTI NE XYI NIT IR RS S S SRR EEEEEEEEEEEEEESESES

I Modul e Nane: XYINIT
! Modul e Security Cassification: UNCLASSI FI ED
! Purpose: Determnes the initial PE starter field.
! Version Nunber: 1.3.0
I NPUTS:
Argunent List: | POLAR

Conmon: ANTHT, DTHETA, FKO, LN, N, N34, W, ZMAX
Public: FILT()

QUTPUTS:
Argunent List: NONE
Common: ALPHAD
Public: W)

! Modul es Used: APM MID
| Called Routines: PEINIT

I Routines Called:
! APM Speci fic: ANTPAT, DRST
! Intrinsic: CWPLX, DASIN, DBLE, DCONJG DCCs, DI MAG DSIN, DSQRT, REAL

I GLOSSARY: See universal glossary for conmmon vari abl es.

I nput Vari abl es:
| POLAR = Antenna pol ari zati on:
0 = Hori zontal
1 = Vertical

! Qut put Vari abl es: NONE

Local Vari abl es:
ANTKO = Free space wavenunber * antenna hei ght
ATTN = Attenuation factor.
DTERM = Exponenti al phase termfor real source.
FACD = Antenna pattern factor for direct angle
FACR = Antenna pattern factor for reflected (inage) angle
PK = Sine of angle.
RTERM = Exponential phase termfor inage source.
SGAIN = Nornalization factor.
ZPK = Phase termfor real and inage sources.

SUBRQUTI NE xyinit( ipolar )
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2z)
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conpl ex(kind=8) rterm dterm

sgain= dsqrt( w ) / zmax
antko = fko * antht

I Construct initial field in p-space.

DO 1=0, N
pk = dble(i) * dtheta
aksg = pk * pk
cak = (1. - aksq)**(-.75)
zpk = pk * antko

I Get antenna pattern factors for the direct and reflected rays.
al phad = dasin( pk )
call antpat( al phad, FACD)
call antpat( -al phad, FACR)

rterm= cnpl x( dcos( zpk ), dsin( zpk ), 8)
dterm = dconjg( rterm)

if( ipolar .eq. 0) u(i) = cak*sgain * ( facd * dterm- facr * rterm) !H pol
if( ipolar .eq. 1) u(i) = cak*sgain * ( facd * dterm+ facr * rterm) !V pol

end do

! Filter upper 1/4 of the field.

u(n34:n) = filt(0:nf4) * u(n34:n)

I Transformto z-space.

itsw=1 - ipolar

udum(0:n) =real ( u(0:n), 8)

call drst( udum In, itsw)

if( ipolar .eq. 0 ) udum = -udum

u(0:n) = cnpl x( udun{0:n), dimag(u(0:n)), 8)
udum(0: n) = di mag( u(0:n) )

call drst( udum In, itsw)

if( ipolar .eq. 0 ) udum = -udum

u(0:n) = cnplx( real( u(0:n), 8 ), udum(0:n), 8)

END subroutine xyi nit

A.2 SUBROUTINE APMSTEP

! EE R R R R R R R R R R R R R SLBRQJTI NE AP'VSTEP kkkkkhkhkkhkkhhkhkhkhkkxkkhkhkhkhkkhxxx
! Mbdul e Nane: APMSTEP
! Modul e Security O assification: UNCLASSI Fl ED

I Purpose: This routine advances and conputes the propagation |oss for
! one out put range.

I Version Nunber: 1.3.0
I NPUTS:

|
! Argunent List: |STP

! Common: GASATT, HTLIM IHYBRID, 10 1ZG NOPE, NROUT, NZQUT, PEFLAG
|

|

|

RATZ, RPEST
Public: HTFE(), RNGOUT(), ZOUT()
Data: RTST

I QUTPUTS:
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! Argunent List: JEND, JSTART, MPFL(,), ROUT
! Common: GASLGCSS, JT2

I Modul es Used: APM MDD
! Calling Routines: MAIN DRI VER PROGRAM

! Routines called:
! APM Specific: A RBORNE, FEM PESTEP, ROLCSS
! Intrinsic: MAXO, |1DNNT

| GLOSSARY: See universal glossary for common vari abl es and paraneters.

! I nput Vari abl es:
! | STP = CQurrent output range step index.

! Qut put Vari abl es:

! JEND = index at which the valid propagation | oss val ues end.

! JSTART = index at which the valid propagation | oss val ues begin.

! RQUT = current output range in neters.

! MPFL(,) = 2-byte integer array containing propagation factor(F) and | oss
! values in centibels vs. height, at each output range ROUT.

! Al values returned are referenced to height HM N

! MPFL(1,i) = loss at output height i*DzZOUT

! MPFL(2,i) = 20*1 0glO(F) at output hei ght i*DzZOUT

Local Vari abl es:
JAE = ending index within MPFL() of FE(airborne) |oss val ues.

|

|

! JAS = starting index within MPFL() of FE(airborne) |oss val ues.
! JFE = ending index within MPFL() of FE | oss val ues.

! JES = starting index within MPFL() of FE | oss val ues.

! JPE = ending index within MPFL() of PE | oss val ues.

! JPS = starting index within MPFL() of PE | oss val ues.

! JRE = ending index within MPFL() of RO Il oss val ues.

! JRS = starting index within MPFL() of RO | oss val ues.

subroutine apmstep( istp, ROUT, MPFL, JSTART, JEND )
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

i nt eger (ki nd=2) npfl(2,0:*)
rout = rngout (i stp)

! Conpute | oss in dB due to gaseous absorption. GASATT is O if appropriate paraneters
I have not been specifi ed.

gasl oss = rout * gasatt

D0V oO0noOn
LI A A | B T O T 1|

[cNoNoloNoloNoNe]

"

DY PN T T

[¢]

I Advance and conpute the field for one output range step.
if( peflag ) then

call pestep( istp, rout, npfl, JPS, JPE)
jstart = jps

el se

if( nope .eq. 0 ) call pestep( istp, rout, nmpfl, JPS, JPE)
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jstart = jps
if( ihybrid .eq. 0 ) then l'ai rborne hybrid node

! Conpute |loss for |ower FE region

jas = max0( O, izg) +io

i =0

do while( htfe(istp) .gt. zout(j) )
=i+

end do

jae =j -1

if( jas .1t. jae ) call airborne( rout, MPFL, jas, jae, istp, 1)
jstart = jas

I Conpute |oss for upper FE region

jas = jpe+l
jae = nzout
if( jpe .1t. jae ) call airborne( rout, MPFL, jas, jae, istp, 0)

elseif(( ihybrid .eq. 1) .and. ( rout .It. ratz )) then !full hybrid

if( rout .It. rtst ) then
jfs = mx0( O, izg ) +io
jfe = nzout
jstart = jfs
el se
if( htfe(istp) .1t. (htlim- htfe(istp)*1.d-5) ) then
j = nzout
do while( zout(j) .gt. htfe(istp) )
=i -1
end do
jfs = max0( jpe+l, j+1)
jfe = nzout
end if
end if

if( jfe .gt. 0) call fenm( istp, rout, MPFL, jfs, jfe)
I Get | oss based on RO cal culations from ZQUT(JRS) to ZOUT(JRE)

if( rout .ge. rtst ) then
jre =jfs - 1
if( jfe .eq. 0) jre = nzout
jrs =jpe +1
if( rout .It. rpest ) jrs = nmax0O( O, izg ) +io0

if( jrs .gt. jre ) then
jrs 0
jre
end if
end if

0

if( jre .gt. 0) call roloss( istp, rout, jrs, jre, MPFL )
end if

end if

jend = max0( jfe, jre, jpe, jae )

| Reset counter for calling TROPO from XOSTEP routi ne
if( istp.eq. nrout ) jt2 =1

end subroutine apmnstep

A.2.1 Subroutine AIRBORNE

| R R RS SRR EEEEEEEEEEEEEEEE S SLBRQJTI’\EAIRB%E EEEEEEEEEREEREEEEEEEEEEEE S
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I Modul e Nane: Al RBORNE
I Modul e Security O assification: UNCLASS FI ED

I Purpose: This routine determ nes propagation | oss based on flat
! earth calculations for all output heights specified at each
! out put range ROUT.

! Version Nunber: 1.3.0

| NPUTS:
Argunent List: |IFLAG |STP, JAE, JAS, ROUT
Common: GASATT, PLCNST, TERANG TWOKA, TWOKA DO
Public: RSQRD(), ZOUTMA()

I QUTPUTS:
! Argunent List: MPFL()
! Conmon: NONE

! Modul es Used: APM MCD
! Calling Routines: APMSTEP

! Routines called:
! APM Speci fic: ANTPAT
! Intrinsic: DATAN, DLOGLO, DVAX1, DSQRT, || DNNT

I GLOSSARY: See universal glossary for conmmon vari abl es.

! | nput Vari abl es:

! | FLAG = Integer flag indicating if calculations are to be per-

! formed for heights above upper angul ar PE region (I FLAG=0)
! or bel ow angul ar PE regi on (|FLAG=1)

! JAE = ending index within MPFL() of FE(airborne) |oss val ues.

! JAS = starting index within MPFL() of FE(airborne) |oss val ues.

! ROUT = Current output range in nmeters.

! CQut put Vari abl es:

! MPFL(,) = 2-byte integer array containing propagation factor(F) and |oss
! values in centibels vs. height, at each output range ROUT.

! Al values returned are referenced to hei ght HM N

! MPFL(1,i) = loss at output height i*DzOUT

! MPFL(2,i) = 20*1 0oglO(F) at output hei ght i*DzOUT

! Local Vari abl es:

! ALPHAX = Direct ray angle.

! DLCSS = Propagation loss in dB.

! FACD = Antenna pattern factor for direct ray.

! FFACDB = Pattern propagation factor in dB

! FSLCSS = Free-space in dB.

! Rl = Path length of direct ray

! RSQ = Square of output range ROUT

! RSQK = Hei ght curvature offset: current output range squared divided by
! (2*ek*a).

! ZAB = Hei ght of desired output point relative to real source height
! with earth curvature offset.

subroutine airborne( rout, MPFL, jas, jae, istp, iflag)
use apm nod

inmplicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

i nt eger (ki nd=2) npfl(2,0:*)

rsq = rsqrd(istp)
if( iflag .eq. 0) rsqk = rsq / twoka I'above PE regi on
if( iflag .eq. 1) rsgk = rsq / twoka_down I bel ow PE region
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! Begin loop for calculations of FE |oss for heights from ZOUT(JAS) to
| ZOUT(JAE).

doi =jas, jae

zab = zoutma(i) - rsqgk
al phax = datan( zab / rout )

if(( alphax .gt. terang ) .or. ( iflag .eq. 0)) then

call antpat( al phax, FACD)
rl = dsqgrt( zab**2 + rsq )

ffacdb = 20. * dl og10( dnex1( facd, 1.d-13) )
fsloss = 20. * dlogl0( r1 ) + plcnst
I Conpute loss in dB due to refractive and absorption effects.

dloss = fsloss - ffacdb + r1 * gasatt
ffacdb = fsloss - dl oss

npfl (1,i) =iidnnt( 10. * dloss ) Iconvert real *8 nunber to int*2
mpfl (2,i) =iidnnt( 10. * ffacdb ) lconvert real *8 nunber to int*2
end if
end do

end subroutine airborne

A.2.2 Subroutine CALCLOS

] kkkkkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkkhkhkhkhkkkkk*x* SUBROJTI NE OALO_% kkkkkhkhkkhkkhkkhkkhkhkhkhkhhkdrkkkxkkxkkkx%x

! Mbdul e Nane: CALCLOS
! Modul e Security Cassification: UNCLASSI Fl ED

! Purpose: Determ nes the PE propagation | oss at each output range step
! RQUT and all heights up to ZLIM

I Version Nunber: 1.3.0

I NPUTS:
Argunent List: |STP, RLAST
Common: ANTREF, DELZ, DR, DzOUT, FTER, GASLOSS, HVREF, |HWX, IHYBRID, 10 |XQ
NZQUT, PEFLAG RATZ, RLOG RLOGLST, RPEST, TROPO, TWXA DOM, YCUR,
YLAST, ZLIM
Public: FSL(), HLIM), HTFE(), RNGAQUT(), W), ULST(), ZQUT()
Data: | NTERRAIN, | NVAL

QUTPUTS:
Argunent List: JEND, JSTART, MPFL()
Common: | ZG TERANG
Public: FFROUT(), RFACL(), RFAC2(), RLOSS()

! Modul es Used: APM MOD

I Calling Routines: PESTEP

! Routines called:

! APM Speci fic: GETPFAC(function), PLINT(function), TROPOSCAT

! Intrinsic: MAXO, M NO, DATAN, DVAX1, DM N1, |DI NT, |DN NT, |IDNNT

! GLOSSARY: See universal glossary for common variabl es, public variables,
! and paraneters.

! | nput Vari abl es:
! | STP = index of output range step
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! RLAST = | ast PE range in neters

! Qut put Vari abl es:

! JEND = index at which valid |oss values in MPFL() ends.

! JSTART = index at which valid | oss values in MPFL() begin.

! MPFL(,) = 2-byte integer array containing propagation factor(F) and |oss
! val ues in centibels vs. height, at each output range ROUT.

! Al values returned are referenced to hei ght HM N

! MPFL(1,i) = loss at output height i*DzZOUT

! MPFL(2,i) = 20*1 0gl0(F) at output height i*DzOUT

! Local Vari abl es:

! AG = Tangent angle from antenna height to terrain el evation at

! current range ROUT.

! FF = Propagation factor in dB at range ROUT and specified height.
! IP1 = Index in array RFACL() corresponding to ground hei ght at

! previous PE range. Al array elenments in RFACL() from1l to
! IP1 are set equal to PFACM N

! IP2 = Index in array RFAC2() corresponding to ground hei ght at

! current PE range. Al array elenents in RFAC2() from1l to
! IP2 are set equal to PFACM N

! ROUT = Current output range in neters.

! XX = Fractional range at which to interpol ate propagation factor
! for current output range ROUT.

! YCH = Height of terrain at current PE range relative to

! ref erence hei ght HVREF.

! YLH = Height of terrain at previous PE range relative to

! ref erence hei ght HVREF.

! ZDIF = Height fromantenna to terrain elevation at current range
! RQUT, adjusted for earth curvature.

! ZEND2 = Height at which to stop cal cul ati ng propagation factor.

! ZHT = Height at which to conpute propagation factor.

! ZINT = Interpol ated ground height at current output range ROUT.

subroutine calclos( rlast, istp, MPFL, JSTART, JEND)
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

i nteger (kind=2) npfl(2,0:%*)

rout = rngout (istp)
ych = ycur - hnref

ylh = ylast - hnref
I Get height of ground at output range ROUT and determ ne number of vertical
| output points that correspond to the ground height. Fill the |oss array

I MPFL() with INTERRAIN (-999) to represent ground for those vertical output
I points.

xx = (rout - rlast) / dr

zint = plint( ylast, ycur, xx )

izg =idint( (zint-hnref) / dzout )

mpfl(:,0:izg) = interrain

jstart = max0( 0, izg ) +io

! Determine current maxi mumangl e for lower FE region if using airborne
! hybrid nodel (1HYBRI D=0).

if( ihybrid .eq. 0 ) then
zdif = zint - antref - rout**2/twoka_down
ag = datan( zdif / rout )
terang = dmax1( ag, terang )

end if

I If current output range is greater than RPEST then begin cal cul ati on of
! loss values and return themin MPFL().
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if( rout .ge. rpest ) then

! Determ ne values of array el ements corresponding to the ground and set these

I to the m ni mum propagation factor (-300) for later interpolation.

0
0

ipl
ip2

if( fter ) then

ipl =idint( ylh / dzout )
ip2 =idint( ych / dzout )
ipl = max0( O, ipl)
ip2 = max0( 0, ip2)

if( zout(ipl)-ylast .It. 0. ) ipl =ipl +1
if( zout(ip2)-ycur .It. 0. ) ip2 =ip2 +1

0.
0.

rfacl(0:ipl-1)
rfac2(0:ip2-1)

if(( jstart .1t. ipl) .and. ( jstart .It. ip2)) then
it = mno(ipl, ip2)
izg = max0( izg, it )
npfl (:,izg) = interrain
jstart = max0( O, izg ) +io
end if

end if

Det ermi ne hei ght/integer value at which to stop cal culating |oss.

NOTE: For terrain cases, ray traci ng was perfornmed

using the direct ray angle and sonetinmes HLIMi) nay be |less than the

| ocal ground height. The GOTO statenent is used just as a safety factor
in this case.

if( peflag ) then
jend = max0( O, idint( (zlimhnref) / dzout ) )

el se
zendl = dnmax1( zint, hlin(istp) )
zend2 = dmnl( zlim zendl )

if(( istp .ge. ihmx ) .or. ( rout .ge. ratz )) then
jend = max0( 0, idnint( (zend2-hnref) / dzout ) )

el se
jend = max0( O, idint( (zend2-hnref) / dzout ) )
end if
end if

jend = mnO( jend, nzout )
if( jend .It. jstart ) goto 5
Get propagation factor at valid heights fromfield at previous PE range.

if( rloglst .gt. 0. ) then
doi =ipl, jend
zht = zout (i) - ylast
rfacl(i) = getpfac( ulst, rloglst, delz, zht )
end do
end if

Get propagation factor at valid heights fromfield at current PE range.
doi =ip2, jend
zht = zout(i) - ycur

rfac2(i) = getpfac( u, rlog, delz, zht )
end do

I f using PE & XO nodel, deternine what heights in MPFL()
will contain invalid |loss and set equal to | NVAL(-1000).

if( ihybrid .eq. 2 ) then
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jstartl = idint( (htfe(istp) - hnref) / dzout )

mpfl (:,jstart:jstartl) = inval
jstart = max0( jstart, jstartl+io )
end if

I If using full hybrid nodel or PE & XO nodel, determne the
| propagation factor at the last point in height in the PE region. This
! is used for subsequent interpolation in the XO nodel.

if( ixo.gt. 0) then
z1 = zlim - ylast
z2 = zlim- ycur
rfl = getpfac( ulst, rloglst, delz, z1)
rf2 = getpfac( u, rlog, delz, z2)
ff =plint( rfl, rf2, xx)
ffrout(istp,1) = ff
ffrout(istp,2) = zlimzint
end if

I Interpol ate between the current and |last PE range to get propagation | oss
! at range ROUT. Conpute troposcatter loss for total |oss contribution.
I Note: RFACL, 2() arrays contain 20*| ogl0(F).

do k = jstart, jend
if( rloglst .gt. 0. ) then

ff = plint( rfacl(k), rfac2(k), xx)
if(( k.ge. ipl) .and. ( k .It. ip2)) ff = rfacl(k)
if(( k .It. ipl) .and. ( k .ge. ip2)) ff =rfac2(k)

rloss(k) = fsl(istp) - ff
el se
rloss(k) = fsl(istp) - rfac2(k)
end if
end do
| Conpute troposcatter |oss.
if( tropo ) call troposcat( istp, jstart, jend )
I I'ncl ude gaseous absorption | oss.
rloss(jstart:jend) = rloss(jstart:jend) + gasloss
I Convert real *8 nunber to int*2 and store propagation | oss and propagation factor.

iidnnt( 10.* rloss(jstart:jend) )
iidnnt( 10.* ( fsl(istp) - rloss(jstart:jend) ) )

mpfl (1,jstart:jend)
npfl (2,jstart:jend)

5 continue

! Fill renminder of array with -1000 indicating non-valid |oss val ues.
jn =jend + 1
mpfl (:,jn:nzout) = inval

el se

I If current output range is |l ess than RPEST then there are no current valid

! loss values at any height - fill MPFL() with -1000. JSTART and JEND will be
! equal and will have a value of O or 1 (depending on polarization) if snooth
! surface case, otherwise will have a value of the nearest integer multiple of
I DZQUT corresponding to the height of the |ocal ground.

mpfl (:,jstart:nzout) = inval
jend = jstart

end if

end subroutine cal cl os

A.2.3 Subroutine DOSHIFT
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I Modul e Nane: DOSHI FT
! Modul e Security O assification: UNCLASSI FI ED

! Purpose: Shifts the PE field by the # of bins corresponding to height of
! t he ground.

! Version Nunber: 1.3.0
I NPUTS:

Argunent List: NONE
Common: DELZ, N, NML, YCUR, YLAST

Public: W)
I QUTPUTS:
! Argunent List: NONE
! Public: W)

I Modul es Used: APM MOD
! Calling Routines: GETGRAZE, PESTEP

! Routines called:
! APM Speci fic: NONE
! Intrinsic: DABS, |DN NT

I GLCSSARY:

! I nput Vari abl es:
! See universal glossary for comon vari abl es

! Qut put Vari abl es:
! See universal glossary for conmon vari abl es

Local Vari abl es:
INCR = Integer indicating which direction to shift field U).
INCR =1 ->terrain slope is positive, shift down.
INCR = -1 -> terrain slope is negative, shift up.
Integer # of bins or nesh heights to shift.
Hei ght difference between current and | ast ground el evation.

KBI' N

|
!
|
!
!
! YD F

subroutine doshift
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

| Determine # of bins to shift field.

ydi f ycur - yl ast
kbin = idnint( dabs(ydif) / delz )
if( kbin .eq. 0) return

I If slope is positive then shift array el enents down.

if( ydif .ge. 0. ) then

incr =1

jst =1

jend = nnl - kbin
el se

! If slope is negative then shift array el ements up.

incr = -1

jst = nntl

jend = kbin + 1
end if
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kinc = incr * kbin
doj =jst, jend, incr
jk =] + kinc
u(j) = u(ik

end do

if( incr .gt. 0 ) then
nst = n - kbin
u(nst:nm) = 0.

el se
u(l:kbin) =0

end if

end subroutine doshift

A.2.4 Subroutine DRST

SUBROUTI NE DRST(X, N, | FLAG)
!

IEEEEEELEREEEEREEEEEEEEEEEEEEEEEREEEEREREREEEEEEEEEEEREREEEEEEREREREEEEESESE]

! ot ai ned from

! Dan Dockery

! APL - Johns Hopkins Univ.
! Baltinore, MD

!Wth mnor code nodifications by:
! Amalia Barrios

| SPAWARSYSCEN D858

! San Diego, CA

DRST REPLACES THE REAL*8 VECTOR X BY I TS FINITE DI SCRETE SINE CR C

TRANSFORM  THE ALGORI THM | S BASED ON A M XED RADI X (8-4-2)
REAL VECTCR FAST FOURI ER SYNTHESI S RQUTI NE PUBLI SHED BY

(G D. BERGLAND, "A RADI X ElI GHT FAST FOURI ER TRANSFORM SUBROUTI NE
FOR REAL-VALUED SERIES, " | EEE TRANSACTI ONS ON AUDI O AND ELECTRG

TRANSFORM ALGCORI THVS PUBLI SHED BY COCOLEY, LEWS, AND VELSH

(J. W COOLEY, P. A° W LEWS AND P. D. WELSH, "THE FAST FOUR ER
TRANSFCRM ALGORI THM PROGRAMM NG CONSI DERATI ONS | N THE CALCULATI ON

OF SINE, COSINE AND LAPLACE TRANSFORMS, " J. EMVIB., VOL. 12,

|

|

|

|

1

! ACOUSTI CS, VOL. AU 17, PP. 138 144, JUNE 1969) AND S| NE AND COSI NE
|

|

|

|

! PP. 315-337, JULY 1970).

! NOTE: CALLS FOR THE SI NE TRANSFORM RETURN THE DI SCRETE ANALGG
! OF -1 TIMES THE SI NE TRANSFCRM | NTEGRAL

! MODI FI ED JULY 1983 BY J. P. SKURA

! | NPUT PARAMETERS

! X A 2**N+1 REAL*8 ARRAY FOR THE TRANSFORM

! N TRANSFORM SI ZE

| FLAG FLAG TO SI GNI FY WH CH TRANSFORM TO PERFCRM
| FLAG=0 FOR COsl NE TRANSFCRM

| FLAG=1 FOR SINE TRANSFORM
iflag = -1 deallocates all allocated arrays

! OUTPUT PARAMETERS
! X A 2**N+1 PO NT REAL*8 ARRAY OF THE TRANSFORMED DATA

! N TRANSFORM S| ZE ( UNCHANGED)
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! I FLAG UNCHANGED

TABLES - ARRAY  REQUI RED DI MENSI ONS

B 2N + 1

ST 2%*N

JI 2% (N1) - 1

cs 2*%(N4) - 1
1

SUBRQUTI NES - DRBSYN ( RADI X 8 SYNTHESI S)
DRASYN (RADI X 4 SYNTHESI S)

!
!
!
!
|
! SsS 2% (N4) -
!
!
!
! DR2TR (RADI X 2 TRANSFORV)

| ¥k kkkhkhkhkhhkhkhhkhkhdhkhdhhdhhdhhhhdhhkdhhdhdhhdhdhhdkhkdhhhkhdhdhrdhdhrddrdrrhrdxx

implicit integer(kind=4) (i-n)
inplicit real (kind=8) (ah, o 2)

DI MENSI ON X( *)

doubl e precision, allocatable :: b(:), st(:), cs(:), ss(:)
integer(kind=4), allocatable :: ji(:)

save n2, n4, n8, np, npd2, npd4, npdl6, npnl, nmax2, nnax16
save b, st, cs, ss, ji

DATA N2 / O/
IF(( NNNE.N2 ) .and. ( iflag .ge. 0)) then

N2=N

NP=2** N2

nmax2 = np / 2
nmax16 = np / 16

if( allocated ( b ) ) deallocate ( b))
allocate ( b(np+l) )
b =o0.

if( allocated ( ji ) ) deallocate ( ji )
allocate ( ji(nmax2) )
ji =0

if( allocated ( st ) ) deallocate ( st )
allocate ( st(np) )
st = 0.

if( allocated ( ¢cs ) ) deallocate ( cs )
all ocate ( cs(nmax16) )
cs = 0.

if( allocated ( ss ) ) deallocate ( ss)
all ocate ( ss(nmax16) )
ss = 0.

! COVPUTE CONSTANTS AND CONSTRUCT TABLES

NB=N2/ 3

N4=N2- 3* NB- 1
NPD2=NP/ 2
NPD4=NP/ 4
NPD16=NP/ 16
NPML=NP- 1
DT=PI / dbl e( NP)

ST(1)=0.0
DO J=1, NPML
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T=DT*dbl e(J)
ST(J+1) =0. 5d0/ DSI N( T)
end do

! CONSTRUCT THE BI T REVERSED SUBSCRI PT TABLE
J1=0

NT=NPD2- 1
DO J=1, NT
J2=NPD2
do while (1 AND(J1,J2).NE. 0)
J1=1 ABS(J1-J2)
J2=J2/ 2
end do
J1=J1+J2
JI(J)=J1
end do

IF (N8.NE.0) then

! CONSTRUCT THE TRI GONOMETRI C TABLES FOR THE RADI X 8 PASSES.
! THE TABLES ARE STORED I N BI T REVERSED ORDER

J1=0
NT=NPD16- 1
DO J=1, NT
J2=NPD16
do while (1AND(J1,J2).NE. 0)
J1=I ABS(J1-J2)
J2=J2/ 2
end do
J1=J1+J2
T=DT*dbl e(J1)
CS(J) =DCOS( T)
SS(J) =-DSIN(T)
end do
end if

elseif( iflag .eq. -1 ) then

'End of APMrun - deallocate arrays and return to main driver program

if( allocated( b ) ) deallocate( b, stat = ierror )
if( allocated( st ) )deallocate( st, stat = ierror )
if( allocated( cs ) )deallocate( cs, stat = ierror )
if( allocated( ss ) )deallocate( ss, stat = ierror )
if( allocated( ji ) )deallocate( ji, stat = ierror )
n2 =0

return

end if
IF (I FLAG GT.0) then
! SET UP ARRAY FOR THE SI NE TRANSFORM

B(1)=-(X(2)+X(2))
B(2) =X( NP) +X( NP)

J1=0

DO J=3, NPML, 2
J1=J1+1
J2=J1(J1)
J3=NP-J2
B(J)=X(J2) - X(J2+2)
B(J+1) =X(J3+1)

end do

el se
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! SET UP THE ARRAY FOR THE CCSI NE TRANSFORM

B(1)=X(1)

B(2) =X( NP+1)

J1=0

XSUMEX( 2)

DO J=3, NPML, 2
J1=J1+1
J2=J1(J1)
J3=NP-J2
XSUMEXSUMEX( J+1)
B(J)=X(J2+1)
B(J+1) =X(J3+2) - X(J3)

end do

end if

! BEG N FAST FQOURI ER SYNTHESI S
IF (N8.ne.0) then

! RADI X 8 | TERATI ONS

| QNT=1

NT=NPD16

DO J=1, N8
J1= 1+l QNT
J2=J1+l QNT
J3=J2+I QNT
J4=J3+ QNT
J5=J4+1 QNT
J6=J5+ QNT
J7=J6+1 QNT
CALL DRBSYN(IQNT, nt, cs, ss, B, B(J1),B(J2),B(J3),B(J4),B(J5),B(J6),B(J7))
NT=NT/ 8
| QNT=8*1 QNT

end do

end if

if( nd .gt. 0) then
! RADI X 4 | TERATI ON
| QNT=NPD4
J1= 1+l QNT
J2=J1+l OQNT
J3=J2+ QNT
CALL DR4ASYN(I QNT, B, B(J1), B(J2), B(J3))
elseif( nd .eq. 0 ) then
! RADI X 2 | TERATI ON
| QNT=NPD2
J1= 1+l QNT
CALL DR2TR(!QNT, B, B(J1))
end if
J1=NP
IF (1 FLAG GT.0) then
! FORM SI NE TRANSFORM
DO J=2, NPD2
S=B(J1)- B(J)
T=B(J) +B(J1)
X(J) =0. 25*(T*ST(J) +S)

X(J1) =0. 25% (T*ST(J1) - )
J1=J1-1
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end do

I QNT=NPD2+1

X(1 QNT) =0. 25* (ST(1 QNT) * (B(1 QNT) +B(1 QNT) ) )
X(1)=0.0

X(NP+1) =0.0

el se
! FORM THE COSI NE TRANSFORM

X(1) =. 5d0*B( 1) +XSUM
X(NP+1) =. 5d0* B( 1) - XSUM
B( 1) =B( 1) +XSUM
B( NP+1) =B( 1) - XSUM
DO J=2, NPD2
S=B(J1)- B(J)
T=B(J) +B(J1)
X(J) =. 25d0* ( S*ST(J) +T)
X(J1) =. 25d0* (T- S*ST(J1))
J1=J1-1
end do

| QNT=NPD2+1
X(1 QNT) =0. 25d0* ( B( | QNT) +B( 1 QNT))

end if

RETURN
END subrouti ne drst

SUBRQUTI NE DRBSYN( I ONT, nt, cs, ss, BO, Bl, B2, B3, B4, B5, B6, B7)
!****************************************************************
!

! RADI X 8 SYNTHESI S SUBROUTI NE

! CALLED BY DRST, THE SI NE TRANSFCRM DRI VER
|
| ¥k kdhkhhhdhhhhhhhhhhhhhhhdhhhhhrhhhdrhdhdrhhhdrddhdrddrdrrrrdrrdxk

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

DI MENSI ON BO(*), BL(*), B2(*), B3(*), B4(*), B5(*), B&(*), B7(*)
di mensi on cs(*), ss(*)

DATA R2, CPI 4/ 1. 41421356237309505d0, 0. 7071067811865476d0/
DATA CPI 8, SPI 8/ 0. 9238795325112868d0, 0. 3826834323650898d0/

JT=0
JL=2
JR=2
JI =3
| NT8=8*1 QNT

DO K=1, | QNT
T0=BO( K) +B1(K)
T1=BO( K)- B1(K)
T2=B2( K) +B2(K)
T3=B3( K) +B3(K)
T4=B4( K) +B6( K)
T5=B4( K) - B6( K)
T6=B7(K)- B5(K)
T7=B7(K) +B5(K)
T8=R2* (T7- T5)
T5=R2* ( T7+T5)
TTO=TO+T2
T2=T0- T2
TT1=T1+T3
T3=T1-T3
TA=T4+T4
T6=T6+T6
BO( K) =TT0+T4
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B4( K) =TTO- T4
B1(K) =TT1+T5
B5(K)=TT1- T5
B2(K) =T2+T6
B6( K) =T2-T6
B3(K) =T3+T8
B7(K) =T3-T8
end do

IF (NT.EQ0) GO TO 70

KO=I NT8+1
KLAST=KO+I QNT- 1

DO K=KO, KLAST
T1=B0( K) +B6( K)
T3=B0( K) - B6( K)
T2=B7( K)- B1(K)
T4=B7(K) +B1( K)
T5=B2( K) +B4( K)
T7=B2(K)- B4(K)
T6=B5( K) - B3( K)
T8=B5(K) +B3(K)
BO( K) =( T1+T5) +( T1+T5)
B4( K) =( T2+T6) +( T2+T6)
T5=T1-T5
T6=T2-T6
B2( K) =R2* ( T6+T5)
B6( K) =R2*( T6- T5)
T1=T3*CPI 8+T4*SPI 8
T2=T4*CP| 8- T3*SPI 8
T3=T8*CPI 8-T7*SPI 8
T4=-T7*CPI 8- T8*SPI 8
B1( K) =( T1+T3) +( T1+T3)
B5( K) =( T2+T4) +( T2+T4)
T3=T1-T3
T4=T2-T4
B3( K) =R2* ( T4+T3)
B7(K) =R2*(T4-T3)

end do

GO TO 70

C1=CS(JT)

S1=SS(JT)

C2=C1* Cl- S1*S1
S2=C1* S1+C1* S1
C3=C1* C2- S1*S2
S3=C2* S1+S2*Cl
CA=C2* C2- S2* S2
SA=C2* S2+C2* S2
C5=C2* C3- S2* S3
S5=C3* S2+S3* C2
C6=C3* C3- S3* S3
S6=C3* S3+C3* S3
C7=C3*CA- S3* 4
S7=C4* S3+54* C3

K=J1 *1 NT8
JO=JR*| NT8+1
JLAST=J0+I ONT- 1

DO J=JO, JLAST
K=K+1
TRO=BO( J) +B6( K)
TR1=B0( J) - B6(K)
TI 0=B7(K) - BL(J)
TI 1=B7(K) +B1(J)
TR2=B4( K) +B2(J)
TI 3=B4(K) - B2(J)
Tl 2=B5(K) - B3(J)
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TR3=B5( K) +B3(J)

TR4=B4( J) +B2( K)

T0=B4(J)-B2(K)

T 4=B3(K) - B5(J)

T1=B3(K) +B5(J)

TR5=CP| 4* ( T1+T0)

TI 5=CPI 4*( T1- TO)

TR6=B6( J) +BO( K)

T0=B6(J)- BO(K)

TI 6=B1(K) - B7(J)

T1=B1(K) +B7(J)

TR7=- CPl 4* ( TO-T1)

TI 7=- CPI 4* (TO+T1)

TO=TRO+TR2

TR2=TRO- TR2

T1=TI 0+TI 2

TI2=TI0-Tl 2

T2=TR1+TR3

TR3=TR1-TR3

T3=TI 1+T1 3

TI3=TI1-TI3

T5 =TI 44Tl 6

TTR6=TI 4-TI 6

TI 6=TR6- TR4

T4 =TR4+TR6

T7 =TI5+T17

TTR7=TI5TI 7

TI 7=TR7-TR5

T6 =TR5+TR7

BO(J) =TO+T4

BO( K) =T1+T5

B1(J) =Cl1* ( T2+T6)- S1*( T3+T7)

BL(K) =C1* ( T3+T7) +S1* ( T2+T6)

B2(J) =C2* ( TR2+TTR6) - S2* ( Tl 2+T1 6)

B2( K) =C2* ( Tl 2+T1 6) +S2* ( TR2+TTR6)

B3(J) =C3* ( TR3+TTRY) - S3* (Tl 3+T1 7)

B3(K) =C3* ( Tl 3+Tl 7) +S3* ( TR3+TTR7)

B4(J) =C4* (TO- T4) - S4*(T1- T5)

B4( K) =C4* ( T1- T5) +S4* ( TO- T4)

B5(J) =C5* (T2-T6)- S5*(T3- T7)

B5( K) =C5* ( T3- T7) +S5* ( T2- T6)

B6(J) =C6* ( TR2- TTR6) - S6* (T 2- T1 6)

B6( K) =C6* ( TI 2- Tl 6) +S6* ( TR2- TTR6)

B7(J)=C7*(TR3-TTR7) -S7*(TI 3-TI 7)

B7(K) =C7*(TI 3-TI 7) +S7* ( TR3- TTRY)
end do

JREJRH2
JI=Jl-2
IF (JI.GT.JL) GO TO 70
JI=JR+IR 1
JL=JR
70 JT=JT+1
IF (JT.LT.NT) GO TO 76

RETURN
END subrouti ne DRBSYN

SUBRQUTI NE DRASYN( | ONT, BO, B1, B2, B3)

R R R R
!
! RADI X 4 SYNTHESI S SUBROUTI NE

! CALLED BY DRST, THE S| NE TRANSFCRM DRI VER
|
| **kkkhkdkhkhkhkdhhkhhhhkdhkhdhdhhdhhhdhhdhhdhhdhkhhrdhhdhhdhhkdrrdkrdrdhhhxdkx

implicit integer(kind=4) (i-n)
inplicit real (kind=8) (ah, o 2)

DI MENSI ON BO(*), B1(*), B2(*), B3(*)
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DO K=1, | QNT
TO=B0( K) +B1( K)
T1=BO( K)- B1( K)
T2=B2( K) +B2( K)
T3=B3( K) +B3( K)
BO( K) =T0+T2
B2(K) =TO-T2
B1(K) =T1+T3
B3(K) =T1-T3

end do

RETURN
END subrouti ne dr4syn

SUBROUTI NE DR2TR( | QNT, B0, B1)

| ¥k kkkkhkhkhkhhkhdhdhkhhhdhhhhdhhhhdhhhkhdhdhdhdhddhdhddrdhrdrdrrdkrrhkrxk
!
! RADI X 2 TRANSFORM SUBROUTI NE

! CALLED BY DRST, THE SI NE TRANSFCRM DRI VER
!
IEEEEEEEEEEEEEEEREEEEREEEEREEEEREREEEEEEREEREREEEEREEEESEEEEEEEEESSE]

inplicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)
DI MENSI ON BO(*), B1(*)
DO K=1, | QNT
T=BO(K) +B1( K)
B1(K) =BO(K)- BL(K)
BO(K) =T
end do

RETURN
END subroutine dr2tr

A.2.5 Subroutine FEM

| khkkkhkkhkkhkkhkhkhkhkhkhkhkhhhkhkhkhkhhkkkx*% SUBROJTI'\E FEM LR R R R R R S R R

! Modul e Nane: FEM
! Modul e Security O assification: UNCLASSI FI ED
! Purpose: This routine determ nes propagati on | oss based on flat
! earth calculations for all output heights specified at each
! out put range ROUT.
! Version Nunber: 1.3.0
| NPUTS:
Argunent List: |STP, JFE, JFS, ROUT
Common: ANTREF, FKO, GASATT, HTLIM PLCONST, TWXA
Public: RSQRD(), ZOUTMA(), ZOUTPA()
I QUTPUTS:
! Argunent List: MPFL()
! Common:  ALPHAD
I Calling Routines: APMSTEP, XOSTEP
! Modul es Used: APM MOD
! Routines called:
! APM Speci fic: ANTPAT, GETREFCOEF
! Intrinsic: DATAN, DCOS, DLOGLO, DWVAX1, DSQRT, || DNNT
| GLOSSARY: See universal glossary for conmmon vari abl es.

! I nput Vari abl es:
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! RQUT = CQurrent output range in meters.
! | STP = I ndex of current output range step.

! Qut put Vari abl es:

! JFE = Ending index within MPFL() of FE | oss val ues.

! JFS = Starting index within MPFL() of FE | oss val ues.

! MPFL(,) = 2-byte integer array containing propagation factor(F) and |oss
! values in centibels vs. height, at each output range ROUT.

! Al values returned are referenced to height HM N

! MPFL(1,i) = loss at output height i*DzOUT

! MPFL(2,i) = 20*1 0oglO(F) at output hei ght i*DzOUT

! Local Vari abl es:

! ALPHAR = Reflected ray angle.

! DLCSS = Propagation loss in dB.

! FACD = Antenna pattern factor for direct ray.

! FACR = Antenna pattern factor for reflected ray.

! FFAC2 = Square of pattern propagation factor.

! FFACDB = Pattern propagati on factor squared in dB

! PHDI F = Total phase difference between direct and reflected ray,
! i ncl udi ng phase change upon reflection.

! R1 Path length of direct ray

! R2 Path | ength of reflected ray
|
|
|
|
|
|
|
|
|
|

REFCOEF = Conpl ex refl ection coefficient.

RVAG = Magni tude of reflection coefficient.

RPHASE = Phase of reflection coefficient.

RSQ = Square of output range ROUT.

RSQK = Current output range squared divided by TWXA (2*ek*a).
XREFLECT = Range at which ray is reflected.

ZM = Hei ght of desired output point relative to real source height
with earth curvature of fset.

ZP = Height of desired output point relative to inmaginary source
height (for reflected ray) with earth curvature offset.

subroutine fen( istp, rout, MPFL, jfs, jfe)
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

i nteger (ki nd=2) npfl(2,0:%*)
conpl ex(ki nd=8) ref coef

rsq = rsqgrd(i stp)
rsgk = rsq / twoka

xreflect = 0.d0

! Begin loop for calculations of FE |oss for heights from ZOUT(JFS) to
I ZOUT(JFE).

doi =jfs, jfe

if( rout .le. rtst ) then
zm = zoutna(i)
zp = zoutpa(i)
el se
zm = zoutma(i) - rsqgk
zp = zoutpa(i) - rsgk
end if

I Determ ne point of reflection.

xreflect = rout * antref / zp

! ALPHAD = direct ray angle

! ALPHAR = reflected ray angle (grazing angle = -ALPHAR)
al phad = datan( zm/ rout )
al phar = datan( zp / rout )
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call antpat( al phad, FACD )
call antpat( -al phar, FACR)

rl
r2

dsqrt( zmfzm + rsq )
dsqgrt( zp*zp + rsq )

Determ ne reflection coefficient.

call getrefcoef( 0, alphar, xreflect, REFCOEF, RVAG RPHASE )

Now get total phase |ag and conpute propagation factor and | oss.
phdif = ( r2 - r1) * fko + rphase

frterm= facr * rmag

ffac2 = facd*facd + frtermfrterm+ 2. * facd * frterm* dcos(phdif)

ffacdb = 10. * dl ogl0( dmax1( ffac2, 1.d-25) )

fsloss = 20. * dlogl0( r1 ) + plcnst

dloss = fsloss - ffacdb + r1 * gasatt !Include gaseous absorption |oss

ffacdb = fsloss - dl oss

mpfl (1,i) = iidnnt( 10. * dloss ) Iconvert real *8 nunber to int*2

mpfl (2,i) =iidnnt( 10. * ffacdb ) Iconvert real *8 nunber to int*2
end do

end subroutine fem

A.2.6 Subroutine FFT

Khkkkkkkkkkkkkkkxkkxxkxxkxxk GUBROUTI NE FFT ***x*kxkkxhkxhkxhkxhhxhkxhkxhkx*

Modul e Nare: FFT

Modul e Security d assification: UNCLASSI FI ED

Purpose: Performs fast Fourier sine transformon conplex array U
Version Nunmber: 1.3.0

I NPUTS:

Argument List: UXY()
Common: LN, N

QUTPUTS:
Argument List: UXY()
Conmon:  NONE

Public: UDUM)
Mbdul es Used: APM MOD
Cal ling Routines: FRSTP
Routines call ed:

APM Speci fic: DRST

Intrinsic: CWLX, D MAG REAL

G.CSSARY: See universal glossary for common vari abl es and paraneters.

| nput Vari abl es:
UXY() = Conplex field to be transformed.

Qut put Vari abl es:
UXY() = Transformof conplex field.

subroutine fft( UXY )

use apm nod
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implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2z)

conpl ex( ki nd=8) uxy(0:*)

udun(0:n) = real ( uxy(0:n), 8)

call drst( udum In, isn)

uxy(0:n) = cnpl x( -udunm(0:n), dimg(uxy(0:n)), 8)
udun(0: n) = di mag( uxy(0:n) )

call drst( udum In, isn)

uxy(0:n) = cnpl x( real ( uxy(0:n), 8 ), -udunm(0:n), 8)

end subroutine fft

A.2.7 Subroutine FRSTP

| R R R R ETEREEEEEEEEEEEEEEE RS SLBRGJTI NE FRSTP IR EEEEEEEEEE S SRR EEEEEEEEEEEEEE]

! Modul e Name: FRSTP
! Modul e Security Cassification: UNCLASSI FI ED
! Purpose: Propagates the field FARRAY() in free space by one range step.

I Version Nunber: 1.3.0

I I NPUTS:

! Argurent List: FARRAY()
! Comon: NML

!

Publ i c: FRSP()

I QUTPUTS:

! Argument List: FARRAY()

! Common:  NONE

! Calling Routines: GETGRAZE, M XEDFT, PESTEP

! Routines called:

! APM Speci fic: FFT

! Intrinsic: NONE

I GLOSSARY: See universal gl ossary for common vari abl es.
! | nput Vari abl es:

! FARRAY() = Field array to be propagated one range step in free
! space (z-space).

! Qut put Vari abl es:
! FARRAY() = Free-space propagated field (returned in z-space).

! Local Variabl es: NONE

subroutine frstp( FARRAY )

use apm nod

conpl ex(kind=8) farray(0:*)

call fft( FARRAY ) I Transformto Fourier space
I'Miltiply by free-space propagator

farray(0:nnl) = farray(0: nnl) * frsp(0: nnil)

call fft( FARRAY ) I Transform back to z- space

end subroutine frstp
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A.2.8 Subroutine FZLIM

| kkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkhkkhkkkhkkkk*kx SUBRQJT' NE FZLlM************************

! Modul e Nane: FZLIM
! Modul e Security O assification: UNCLASSI Fl ED

I Purpose: This routine stores the range, propagation factor in dB,
! and determ nes and stores the outgoi ng propagation angle
! at the top of the PE region at each range R

! Version Nunmber 1.3.0

I NPUTS:
Argunent List: R RLAST
Common: AATZ, DELZ, DR FTER |ISM2, 1Z, |ZMAX, RATZ, RLOG RLOG.ST, YCUR
YLAST, ZLIM
Public: U(), ULST()

I QUTPUTS:

! Argunent List: NONE
! Common: | Z

|

Public: FFACZ(,)
I Modul es Used: APM MOD
! Calling Routines: PESTEP

! Routines called:
! APM Speci fic: GETPFAC(function), SAVEPRO, SPECEST
! Intrinsic: MNO, DABS, DM N1, DSI GN

| GLOSSARY: See universal glossary for conmon vari abl es.

! I nput Vari abl es:
! R = Current PE range in neters.
! RLAST = Previous PE range in neters.

! Qut put Vari abl es: See universal glossary for common vari abl es.

! Local Vari abl es:

! ANGDI F = The difference between current outgoi ng propagation

! angl e and previous angl e determ ned.

! | ZP = Previous index counter in FFACZ().

! PFDB = Propagation factor in dB at current PE range R at height

! ZLIM

! PFDBLST = Propagation factor in dB at previous PE range RLAST at hei ght
! ZLIM

! PFRATZ = Propagation factor in dB at range RATZ and hei ght ZLIM

! THOUT = Qutgoi ng propagation angle determ ned at top of PE region.

subroutine fzlin( r, rlast )
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

I FFACZ(1,1) = propagation factor in dB
! FFACZ(1,2) = range in neters
! FFACZ(1,3) = angle in radians

pfdb = getpfac( u, rlog, delz, zlimycur )

if(iz .eq. 1) then
pfdbl st = getpfac( ulst, rloglst, delz, zlimylast )
frac = ( ratz - rlast ) / dr
pfratz = pfdblst + frac * ( pfdb - pfdblst )
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ffacz(iz,1) = pfratz
ffacz(iz,2) =ratz
ffacz(iz,3) = aatz
call savepro

end if

| Performspectral estimation using top |ayer from height=JZLI MDELZ to
I hei ght=(JZLI M NPNTS)*DELZ. Det erm ne out goi ng propagati on angl e THOUT.

call specest( 0, THOUT )

iz =iz +1

iz =mno( iz, izmax )
ffacz(iz,1) = pfdb
ffacz(iz,2) =r

! Do not |et THOUT becone greater than the GOOD portion of the maxi mum
! PE propagation angle if less than | SM2 PE range steps fromstart of
I XO region.

ffacz(iz,3) = thout
if( iz .le. ism) ffacz(iz,3) = dmnl( aatz, thout )

if( iz .ge. 2) then

! To avoid extreme "spiking", limt the change in angle val ues.
izp=iz-1
if( .not. fter ) then

ffacz(iz,3) = dmnl( ffacz(izp,3), thout )
angdi f = ffacz(iz,3) - ffacz(izp,3)
if( dabs(angdif) .gt. 1.d-4) &
ffacz(iz,3) = ffacz(izp,3) + dsign(l.,angdif)*1.d-4
el se
if( iz .le. 10 ) then
angdi f = ffacz(iz,3) - ffacz(izp,3)
if( dabs(angdif) .gt. 1.d-4) &
ffacz(iz,3) = ffacz(izp,3) + sign(l., angdif)*1.d-4
end if
end if

end if
call savepro

end subroutine fzlim

A.2.9 Function GETPFAC

| EE R R R R TR EREEEEEEEEEEEEEEEEE RS FU’\C‘I’IO\IE"PFAC EE R R R R R R R R R R

! Mbdul e Nanme: GETPFAC
! Modul e Security O assification: UNCLASSI FI ED

! Purpose: Perforns linear interpolation in height on magnitude of the
! PE field and then cal cul ates propagation factor in dB.

! Version Nunber: 1.3.0

I | NPUTS:

! Argurent List: DELZ, HElIGHT, RLOG
! Common: NONE

! Public: )

I QUTPUTS:
! Function: CGETPFAC

I Calling Routines: CALCLCS, FZLIM
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Routi nes Cal |l ed:

APM Speci fic: NONE
Intrinsic: CDABS, DBLE, DLOGLO, DVAX1, |DI NT

GLCSSARY:

I nput Vari abl es:

DELZ = Bin width in z-space = W / (2*si n( THETAVAX))
RLOG = 10. * al ogl0( PE range )

HElI GHT = receiver height in nmeters

U() = Conplex array containing PE field solution.

Qut put Vari abl es:

GETPFAC = Propagation factor at height HEIGHT in dB.

Local Vari abl es:

FB = Real nunber of bins corresponding to HEl GHT.

FR = Real difference between FB and NB.

NB = Integer nunber of bins corresponding to HEl GHT.

NBPL = NB + 1

U0 = Conplex field at bin directly bel ow (NB) desired hei ght HEl GHT.

Ul = Conplex field at bin directly above (NBPl) desired hei ght HEl GHT.

PVAQD = Magnitude of field at bin NB.

PMAGL = Magnitude of field at bin NBPL.

PMAG = Interpol ated magnitude.

PMAGM N = Lower limt on magnitude of field to avoid underfl ow
over fl ow probl ens.

GETPFAC = Propagation factor squared in dB [i.e. 20*1 0gl0(F)].

real (ki nd=8) function GETPFAC( u, rlog, delz, height )

implicit

i nt eger (ki nd=4) (i-n)

implicit real (kind=8) (a-h, o 2)

conpl ex(kind=8) u(0:*), u0, ul

data pmagmin/1.d-12/

fb
nb
fr

hei ght / delz
i dint(fb)
fb - dbl e(nb)

nbpl=nb+1

u0=u( nb)

ul=u(nbpl)

prmag0
pragl

cdabs( u0 )
cdabs( ul )

pmag = pmag0 + fr * (pmagl - pmag0)

pmag = dmax1( prag, pmagnin )
getpfac = 20.*dl ogl0( pnag ) + rlog

end function getpfac

A.2.10 Subroutine GETREFCOEF

EEE R S S S S S SUBROJTI NE E‘I’EF(:@F R R R R S S S S

Modul e Nanme: GETREFCOEF

Modul e Security O assification: UNCLASSI FI ED

Pur pose: Cal cul ates the conplex reflection coefficient.

Version Nunber: 1.3.0

I NPUTS:

Argunent List: ANGLE, |FLAG RANGE
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! Common: I1GR |POL, NW RUF, RUF_FAC
! Public: CN2(), RGRND(), RNGA ND(), WNX)
! Par aneter: PI

I QUTPUTS:

! Argurent List: REFCCEF, RVAG RPHASE
! Conmmon:  RUF_HT

I Modul es Used: APM MOD

! Calling Routines: FEM GETALN, ROCALC

! Routines called:
! APM Speci fic: NONE

! Intrinsic: CDABS, CDSQRT, CMPLX, DATAN2, DCCS, DI MAG DSIN, DSQRT, MAXO, REAL

| GLOSSSARY: See universal glossary for conmon vari abl es and paraneters.

! I nput Vari abl es:

! ANGLE = grazing angl e

! | FLAG = Integer flag indicating if reflection calculation is being
! performed within FE and RO regi ons (| FLAG=0) or PE region
! (1 FLAG=1) .

! range in nmeters of reflection point(lFLAGO0) or PE

! range( | FLAG=1)

RANGE

Qut put Vari abl es:
REFCOEF = conpl ex reflection coefficient
RVAG = nagni tude of the reflection coefficient
RPHASE = phase of the reflection coefficient

Local Vari abl es:

CRAD = Termused in calculation of reflection coefficient.
CRAD = sqrt[ n**2 - (cos(angle))**2 ] where n = index
of refraction.

REFC = Conpl ex reflection coefficient for circular polarization.
REFH = Conpl ex reflection coefficient for horizontal polarization.
= Conpl ex reflection coefficient for vertical polarization.

|

|

|

|

|

!

! REFV
! RFRAC = Fractional range for interpolation on w nd speed

! RN&T = Conpl ex dielectric constant applied at the point of reflection.
! RUFFAC = Rough surface reduction factor.

! SRAD = Termused in calculation of reflection coefficient.

! SRAD = n**2 * sin(angle) where n=index of refraction.

! WAD = Interpol ated wi nd speed

subroutine getrefcoef( iflag, angle, range, REFCOEF, RVAG RPHASE )
use apm nod

inplicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

conpl ex(ki nd=8) refcoef, crad, srad, rng2t, refv, refc, refh

refv = cnpl x(0., 0., 8)
refh = cnpl x(0., 0., 8)
refc = cnpl x(0., 0., 8)

if( igr .eq. 1) then
rng2t = cn2(1)

el se
if( iflag .eq. 0) then !Called for RO or FE calcs
k =1
do while(( rgrnd(k) .It. range ) .and. ( k .lIt. igr ))
k =k +1
end do

k = max0( 1, k-1 )

rng2t = cn2(k)
el se

rng2t = cn2(ig) !Called for PE calcs
end if
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end if

f( ipol .eq. 1) then
Conmput e conpl ex reflection coefficient for vertical polarization.

ctheta = dcos( angle )

stheta = dsin( angle )

crad = cdsqrt( rng2t - ctheta*ctheta )
srad = rng2t * stheta

refv = (srad - crad) / (srad + crad)
refcoef = refv

if(( ipol .eq. 2 ) .or. (ipol .eq. 0)) then

Conmput e conpl ex reflection coefficient for horizontal polarization.

ctheta = dcos( angle )

stheta = dsin( angle )

crad = cdsqrt( rng2t - ctheta*ctheta )
refh = (stheta - crad) / (stheta + crad)
refcoef = refh

end if

Conput e conplex reflection coefficient for circular polarization.

if( ipol .eq. 2 ) then

refc = .5 * ( refv + refh)
refcoef = refc

end if

Conput e rough surface reduction factor and nultiply by reflection
coefficient.

if( ruf ) then

Det erm ne proper wi nd speed for current range.

if( nw.gt. 1) then

k =1

do while(( range .gt. rngwi nd(k+1l) ) .and. ( k .It. nw))
k =k +1

end do

if( range .gt. rngwind(nw) ) then
ruf_ht = ruf_fac * wi nd(nw)**2

el se
rfrac = (range - rngw nd(k)) / (rngw nd(k+1) -rngw nd(k))
wnd = wind(k) + rfrac * ( wind(k+l) - wnd(k) )
ruf _ht = ruf_fac * wnd**2

end if

end if

g = ruf_ht * dsin( angle)

Xg = .5 * g**2

Xgc = 3.2 * xg

ruffac = 1. / dsqgrt(xgc - 2.d0 + dsqgrt(xgc**2 - 7.d0 * xg + 9.d0))
refcoef = refcoef * ruffac

end if

rmag = cdabs( refcoef )
rphase = datan2( dinmag( refcoef ), real( refcoef, 8) )

end subroutine getrefcoef

A.2.11 Subroutine MIXEDFT

R R R RS RS EEEEEEEEEEEEEEEE S SUBRGJTI NE M XED:T R R R RS R SRR EEEEEEEEEEEEEE S
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Modul e Name: M XEDFT
Modul e Security O assification: UNCLASSI FI ED

Pur pose: Propagates the PE field in free space one PE range step and
appl i es the Leontovich boundary condition using the discrete
m xed Fourier transformas outlined by Dockery and Kuttler in
"An | nproved | npedance-Boundary Al gorithmfor Fourier Split-
Step Solutions of the Parabolic Wave Equation", |EEE Trans.
on Ant. & Prop., Vol. 44, No. 12, Dec. 1996, pp. 1592-1599, for
the central difference algorithm Al so uses the backward difference
al gorithmas described in APL report A2A 00- U-0-010, 8 August 2000.

Version Nunber: 1.3.0
I NPUTS:
Argunent List: None

Common: ALPHAQ CLX, C2X, CK1, OK2, OVFT, OWFT_X, Dz2, IALG N, NML, RK, RT
Public: RN(), U)

QUTPUTS:
Argunent List: None
Common: CK1, CK2, CMFT
Public: W), W), YM)
Mbdul es used: APM MD
Cal ling Routines: PESTEP
Routines Call ed:
APM Specific: FRSTP
Intrinsic: CWLX, SUM
GLOSSARY:
I nput Vari abl es: See universal glossary for common vari abl es.
Qut put Variabl es: See universal glossary for common vari abl es.

Local Vari abl es:

AR = Conpl ex coefficient of partial linear solution to honbgeneous equ.
BR = Conpl ex coefficient of partial |inear solution to honogeneous equ.
ARX = Partial linear solution to honbgeneous equ.

BRX = Partial |inear solution to honbgeneous equ.

CIC = Summation argunent in determning AR

Summati on argunent in determning BR
SUML = Summation termin deternmning AR
SUM2 = Summation termin determning BR

subroutine nixedft(ipestp)

use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

conpl ex(kind=8) ar, arx, br, brx, c2c, sunil, sun®

w(0) = cnplx( 0., 0., 8)
w(n) = cnplx( 0., 0., 8)
if( ialg .eq. 1) then lold central difference
doi =1, nni
wWi) = (u(i+1) - u(i-1)) / dz2 + alphag * u(i)
end do

Transform W) to p-space, then multiply by free-space propagat or,
then transformback. Upon return W) is in z-space.
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call frstp( W)
! Propagate Cl and C2 coefficients to new range

ckl = ckl * clx
ck2 = ck2 * c2x
ym(0) = cnpl x(0.dO, 0.do, 8)
doi =1, nnm
ym(i) =dz2 * w(i) +rt * yn(i-1)

end do

! Conpute particular solution

u(n) = cnpl x(0.do, 0.do, 8)
doi =1, N

nm =n- i

u(nm) =rt * (ym(nm) - u(nm +1))
end do

At this point U) is the particular solution
! Determ ne coefficients AR and BR for honogeneous sol ution.

suml = .5 * ( u(0) + u(n)*rn(n) )
=.5*

sun® ( u(0)*rn(n) + u(n) )
doi =1, nni
c2c = u(n-i) * rn(i) * (-1)**
sun = sun? + c2c
end do
ar ckl - rk * ( suml + sum( u * rn) )

br ck2 - rk * sunR

' Now conpute total solution as the sumof the particular and
I honogeneous sol utions

doi =0, n
arx = ar * rn(i)
nm = n-i
brx = br * rn(nm) * (-1)**(nm)
u(i) =u(i) +arx + brx
end do
el se I Backwar d di f ference
doi =1, nnl
wWi) =u(i) - rt * u(i-21)
end do

I Transform W) to p-space, then nultiply by free-space propagator
I then transformback. Upon return W) is in z-space.

call frstp( W)
! Propagate CMFT coefficient to new range.
cnft = cnft * cnft_x

! Conpute particular solution

u(0) = cnplx( 0., 0., 8)
doi =1, N

u(i) =wi) +rt * u(i-1)
end do

At this point U) is the particular solution
! Determ ne coefficient AR for honbgeneous sol ution

ar = cnft - sun( u(O:nnl) * rn(0:nnl) )

I'Now conpute total solution as the sumof the particular and
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I honogeneous sol utions.
u=u+ar *rn
end if

end subroutine m xedft

A.2.12 Subroutine PESTEP

| xkkkkkkkkkxkkxkkxkkxxkxxkxxx GUBROUT|I NE PESTEP ****x**xkkkkkkkhhkhhxhkxkkxhkxx

! Modul e Nane: PESTEP

I Modul e Security O assification: UNCLASSI FI ED

| Purpose: Propagates the PE field by one output range step DROUT.
! Version Nunber: 1.3.0

I NPUTS:
Argunent List: |STP, ROUT
Common: DR DR2, FTER IALG IG IGR IPE I1PQ, IXO 1Z |2ZINC
N, N34, NF4, NPROF, PEFLAG RATZ, RLOG RMAX, RUF, YCUR, YLAST
Public: FILT(), GRAZE(), PROFINT(), RGRND(), TYH(), W)
Saved: | PESTP, R, RLAST
Paraneter: Q

QUTPUTS:
Argunent List: JEND, JSTART, MPFL
Common: |G RLOG RLOGST, YCUR, YCURM YLAST
Public: ENVPR(), W), ULST()
Q her: RLAST, RM D
Saved: | PESTP, R, RLAST

! Modul es Used: APM MOD
! Calling Routines: APVSTEP

! Routines Called:
! APM Speci fic: CALCLCS, DOSH FT, FRSTP, FZLIM GETALN, REFI NTER M XEDFT
! Intrinsic: CDEXP, DABS, DLOGLO, M NO

| GLOSSARY: See universal glossary for common vari abl es.

! I nput Vari abl es:
! | STP = Index of current output range step.
! RQUT = CQurrent output range in meters.

Qut put Vari abl es:
JEND = Ending index within MPFL() of PE |oss val ues.
JSTART = Starting index within MPFL() of PE | oss val ues.
MPFL(,) = 2-byte integer array containing propagation factor(F) and | oss
values in centibels vs. height, at each output range ROUT.
Al values returned are referenced to height HVM N
MPFL(1,i) = loss at output height equal to i*DzQUT
MPFL(2,i) = 20*1 ogl0(F) at output height equal to i*DzOUT

Local Vari abl es:

| PESTP = Counter indicating current PE range step.

| ZT = Counter used in order to determ ne when to conpute outgoing
propagation angle, and save propagation factor and refractivity
profile.

R = Current PE range in neters.

RLAST = PE range at previous step in neters.

RM D = Range at which interpolation for range-dependent refractivity
profiles is perforned. This is equal to the range m dway
bet ween the current and next PE range.

subroutine pestep( istp, rout, MPFL, JSTART, JEND )
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use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2z)

i nt eger (ki nd=2) npfl(2,0:*)
save r, ipestp, rlast
! Initialize |local variables.
if( istp .eq. 1) then

r = 0.

rlog = 0.

izt =0

ipestp =0
end if

! Begin | oop.
DO while( r .It. rout )
if(r .gt.

t
rlast =r
rloglst =

0. ) ylast = ycur

| Store the field arrays of the previous range step for subsequent horizontal
! interpolation at range ROUT.

ulst =u

r=r +dr

ipestp = mnO( ipestp + 1, ipe)
rlog 10. * dlogl0( r )

rmd r - dr2

if( fter ) then
ycur = tyh(ipestp)

| Determine height at 1/2 range step - for interpolation on refractivity
I profiles.

ycurm= .5 * ( tyh(ipestp-1) + ycur )

if( ycur .It. ylast ) call doshift
end if

I I'f range-dependent and/or terrain case, then interpolate on profile. Conpute
! z-space arrays.

if(( nprof .gt. 1) .or. ( fter )) then
call refinter( istp, rmd)

! Conpute environnental phase termfor 2nd part of PE step.
envpr = cdexp( qi*dr * profint )
! Filter upper 1/4 of the array.

envpr(n34:n) = filt(0:nf4) * envpr(n34:n)
end if

! Adjust array index for dielectric paraneter, if necessary, and cal cul ate
! inpedance termfor snmooth surface and non-horizontal polarization.

if(( ipol .eq. 1) .and. ( ig+l .le. igr )) then
if(r .gt. rgrnd(ig+l) ) ig=ig + 1
if( .not. ruf ) call getaln( graze(0), r )
end if
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I I'f performing a rough surface case then cal cul ate i npedance term
if(( ruf ) .and. ( ycur .It. 1.d-3)) call getaln( graze(ipestp), r )

if( ialg .gt. 0 ) then
call m xedft (i pestp)
el se
call frstp(u)
end if

I Miltiply by environnent term
u=u* envpr
if(( fter ) .and. ( ycur .ge. ylast )) call doshift

| Store propagation factor along with current range and out goi ng
! propagation angle if using hybrid method (for extended optics).

if((( ixo.ge. 1) .and. (r .gt. ratz )) .and. (.not. peflag)) then
if(iz .eq. 1) call fzlim r, rlast )
izt =izt +1
if(( izt .eq. izinc) .or. ( dabs(r-rmax) .1t. dr )) then
call fzlim( r, rlast )
izt =0
end if
end if

end do
! Cal cul ate propagation | oss at range ROUT.
call calclos( rlast, istp, MPFL, JSTART, JEND )

end subroutine pestep
A.2.13 Subroutine RAYTRACE

| **kkkhkkkhhkhhhkhkhkhhhkhhkhdhhkxk SLBRQJTI ,\E RAYTRA(E kkkkkkkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkkkk%x

! AUTHOR:

! Herb Hi tney

! Space and Naval Warfare Systems Center, San D ego
! Tropospheric Branch, Code D883

! ADDRESS:

! SPAWARSYSCEN SAN DI EGO D883

! 49170 PROPAGATI ON PATH

! SAN DI EGO CA 92152-7385

! Tel : 619-553- 1428 DSN 553- 1428

! Fax: 619-553-1417 DSN 553- 1417

I Wth mnor code nodifications by:

! Author: Amalia E. Barrios

! SPAWARSYSCEN SAN DI EGO D858
! 49170 Propagati on Path

! San Diego, CA 92152-7385

! phone: (619) 553-1429
! fax: (619) 553- 1417

I Modul e Nane: RAYTRACE
I'Modul e Security O assification: UNCLASSI FI ED

! PURPOSE: Conputes full raytrace to range ROUT for el evation
! angl e at source height.

I'Version Nunber: 1.3.0 nodified from
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! RPO 1. 15B DATE: 19 August 1996

I NPUTS:

I Argument list: A ROUT

! Common: | START, LEVELS

' Public: GR(), Q), RM), ZRT()

I QUTPUT:
! Argunent list: AB, DXDA, |ITYPE, PLD, PSI, XREFLECT, ZR

| Modul es Used: APM MOD
I CALLI NG RQUTI NES: ROCALC

I ROUTI NES CALLED:
! APM Speci fic: NONE
! Intrinsic: DABS, DSI G\, DSQRT

! GLCSSARY: See universal glossary for common vari abl es.

! I nput Vari abl es:
! A = elevation angle at source in radi ans
! RQUT = termnal range in neters

Qut put Vari abl es:
AB = elevation angle at end of ray step in radi ans
DXDA = derivative of ROUT w.r.t. a in nmeters per radian
ITYPE = O for direct ray, 1 for reflected ray
PLD = optical path length difference fromROJUT in neters
PSI = 0 for direct ray, grazing angle for ref. ray in radi ans
XREFLECT = Range at which ray is reflected in ROand FE cal cul ati ons.
ZR = termnal height in nmeters

Local Vari abl es:
AA = elevation angle at start of ray step in radians
DELX = range increnent in one ray trace step in neters
DELZR = height increment in one ray trace step in neters
QOFLAG = logical flag, true normally, false to stop raytrace
RAD = radical for square root test in ray trace step
XSUM = running sumof range during ray trace in neters
XTEMP = tenporary range in ray trace step in neters
ZLIMT = nmaxi num hei ght of ray that turns around in neters
ZM N = minimum height of ray that turns around in neters

SUBROUTI NE raytrace (rout, a, ZR AB, DXDA, PLD, PSI, XREFLECT, |TYPE)
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2z)

LOd CAL gofl ag
| Set initial conditions at start of ray.

xreflect = 0.
aa = a

i = istart
xsum = 0.
dxda = 0.
pld
psi
ityp 0
goflag = . TRUE.

0.
0.

o Il

! Main |oop repeats until goflag is false (XSUM = ROUT).
DO WH LE (gofl ag)

aa2 = aa**2
IF (aa .CGE. 0.) THEN
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gri = gr(i)
gri2 =2. * gri

! Ray i s upgoing.
IF (i .EQ levels) THEN
! Upgoing ray is in highest layer (last step).

del x = rout - xsum

ab = aa + delx * gri

ab2 = ab**2

del zr = (ab2 - aa2) / gri2

zr = zrt(i) + delzr

dxda = dxda + (a/ ab - a / aa) / gri

pld = pld + ((rm(i) - aa2 / 2.) * (ab - aa) + &
(ab2 * ab - aa2 * aa) / 3.) / gri

goflag = . FALSE

ELSE
! Upgoing ray is not in highest |ayer.

rad = aa2 + q(i)
IF (rad .CGE. 0.) THEN

! Upgoing ray penetrates current |ayer.
ab = dSQRT(rad)
ab2 = ab**2
delx = (ab - aa) / gri
xtemp = xsum + del x
IF (xtemp .LT. rout) THEN
! Full upgoing step in current |ayer.

Xsum = xt enp

dxda = dxda + (a / ab - a/ aa) / gri
pld = pld + ((rm(i) - aa2 / 2.) * (ab - aa) + &
(ab2 * ab - aa2 * aa) / 3.) / gri
aa = ab
aa2 = aa**2
=i +1
gri =gr(i)

gri2 =2. * gri
ELSE
! Final upgoing step in current |ayer.

del x = rout - xsum

ab = aa + delx * gri

ab2 = ab**2

zr = zrt(i) + (ab2 - aa2) / gri2

dxda = dxda + (a/ ab - a/ aa)

pld = pld + ((rm(i) - aa2 / 2.)
(ab2 * ab - aa2 * aa) / 3

goflag = . FALSE.

[ gri
* (ab - aa) + &
) [ gri

END | F
ELSE
! Upgoing ray turns around in current |ayer.
delx =-aa / gri
xtenmp = xsum + del x

IF (xtemp .LT. rout) THEN

! Full step in upgoing segnent.
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xsum = xtenp

xtenp = xsum + del x

IF (xtemp .LT. rout) THEN
I Full step in downgoi ng segnent.

Xsum = xtenp
ab = -aa

ELSE
| Last step in downgoi ng segment.
zlimt = zrt(i) - aa ** 2/ gri2
del x = rout - xsum
ab = delx * gr(i)
delzr = ab ** 2/ gri2
zr = zlimt + delzr
goflag = . FALSE.
END | F
ELSE
| Last step in upgoi ng segnent.
del x = rout - xsum
ab = aa + delx * gri
zr = zrt(i) - (aa ** 2 - ab ** 2) / gri2
goflag = . FALSE.

END I F

! Fol |l owi ng section applies to all upgoing rays that turn around.

ab2 = ab**2
dxda = dxda + (a/ ab - a / aa) / gri
pld = pld + ((rm(i) - aa2 / 2.) * (ab - aa) + &
(ab2 * ab - aa2 * aa) / 3.) / gri
aa = ab
END | F
END I F

ELSE
! Ray i s downgoi ng.

griml = gr(i-1)
griml2 = 2. * grinml
rad = aa2 - q(i - 1)

IF (rad .GE. 0.) THEN
I Downgoi ng ray penetrates current |ayer.

ab = -dSQRT(rad)

delx = (ab - aa) / grinl
xtenp = xsum + del x

IF (xtenp .LT. rout) THEN

I Full downgoing step in current |ayer.

Xxsum = Xt enp
dxda = dxda + (a/ ab- a/ aa) / grinl
pld = pld + ((rm(i) - aa2 / 2.) * (ab - aa) + &
(ab ** 3 - aa2 * aa) / 3.) / grinl
aa = ab
=i -1
IF (i .EQ 0) THEN
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Downgoi ng ray reflects fromsea surface.

itype = 1

psi = dABS(aa)

xreflect = xtenp

xtenp = 2. * xsum

IF (xtenmp .LT. rout) THEN

Use symmetry concept to double ray path up to source |evel.
aa = -a
i = istart
Xsum = xtenp
dxda = 2.
pld = 2. * pld
ELSE
Downgoing ray reflects, but symetry concept is not used.

aa = -aa

END | F
END I F
aa2 = aa**2

ELSE
Fi nal downgoing step in current |ayer.

del x = rout - xsum

ab = aa + delx * grindl

zr = zrt(i) - (aa2 - ab ** 2) / grim2

dxda = dxda + (a/ ab- a/ aa) / grinl

pld = pld + ((rm(i) - aa2 / 2.) * (ab - aa) + &
(ab ** 3 - aa2 * aa) / 3.) / grinl

goflag = . FALSE.

END I F
ELSE

Downgoi ng ray turns around in current |ayer.
delx = -aa/ grinml
xtenp = xsum + del x
IF (xtenmp .LT. rout) THEN
Full step in downgoi ng segnent.
xsum = xt enp
xtenp = xsum + del x
IF (xtenp .LT. rout) THEN
Ful | step in upgoing segnent.

Xsum = xt enp
ab = -aa

ELSE

Last step is in upgoi ng segnent.

zmn = zrt(i) - aa2 / grinl2
del x = rout - xsum
ab = delx * gr(i - 1)
delzr = ab ** 2 / grinl2
zr = zmn + del zr
goflag = . FALSE.
END I F

ELSE
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I Last step is in downgoi ng segnent.
del x = rout - xsum
ab = aa + delx * grindl
del zr = (aa2 - ab ** 2) / grinil2
zr = zrt(i) - delzr
goflag = . FALSE.
END | F
I Followi ng section applies to all downgoing rays that turn around.
dxda = dxda + (a/ ab - a/ aa) / grinl
pld = pld + ((rm(i) - aa2 / 2.) * (ab - aa) + &
(ab ** 3 - aa2 * aa) / 3.) / griml
aa = ab
END | F
END | F
END DO
! Term nal elevation angle ab cannot be zero.
IF (dABS(ab) .LT. 1.d-10) ab = dSIG\(1.d-10, ab)

END subroutine raytrace

A.2.14 Subroutine REFINTER

| LR R R R R R R R R R R SLBRQJTI NE REFI NTER LR R R R

! Modul e Narme: REFI NTER
! Modul e Security dassification: UNCLASSI Fl ED
| Purpose: Interpolates vertically and horizontally on the refractivity profiles.
! Version Nunber: 1.3.0
I NPUTS:
Argunent List: |STP, RANGE

Common: FTER, HM NTER, 1S, LVLP, NPROF, RW2, YCURM
Public: HVBL(,), REFMBL(,), RNGPROF()

QUTPUTS:
Argunent List: NONE
Common: |'S, LVLEP, RV2
Public: HTDUM), PROFINT(), REFDUM)

! Modul es Used: APM MOD
! Calling Routines: GETGRAZE, PESTEP

I Routines Called:
! APM Speci fic: | NTPROF, REMDUP, PROFREF
! Intrinsic: NONE

| GLOSSARY: See universal glossary for conmon vari abl es.

! I nput Vari abl es:
! | STP = CQurrent output range step index.
! RANCGE = Range for profile interpolation.

! Qut put Vari abl es: NONE

Local Vari abl es:
ICHK = Used to set REFDUM) and HTDUM) to the last input profile
speci fied by REFMBL(, NPROF), HVBL(, NPROF) if RANGE is
beyond range of |ast input profile.
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! RV1 = Range of previous user-input profile.
subroutine refinter( istp, range )
use apm nod

inplicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

save j, rvl, ichk
data j, rvli/ 0, 0. /

if( istp.eq. 1) ichk =0
if(( .not. fter ) .and. ( ichk .eq. 1)) return
Iviep = Ivlp

! If there is a range-dependent refractivity profile then interpolate horizontally
! using the two surrounding profiles at range RANGE with all duplicate |evels.

if(( nprof .gt. 1) .and. ( ichk .eq. 0)) then
if( range .gt. rngprof( nprof ) ) then
ichk =1
doi =0, lvlep
refdum(i) = refnsl (i, nprof)
htdun(i) = hnsl (i, nprof)
end do
el se
IF( range .gt. rv2 ) then
j =is
1 S=1 S+1
rvi=rv2
rv2=rngprof (1S)
end if

FV=(range-rvl)/(rv2-rvl)
doi =0, lvlep
refdun{i) = plint( refmsl (i,j), refmsl(i,is), fv)
htdun(i) = plint( hrsl (i,j), hmsl(i,is), fv)
end do
end if

I Now renove all duplicate levels with LVLEP now being the # of points in the
I profile at range RANGE

call rendup
call profref( hninter, 0)

I At this point REFDUM) and HTDUM ), also HREF() and REFREF(), are referenced
! to HM NTER

end if

I Using BS nmethod nmust determ ne height and Munit profiles relative to ground,
I where YCURM is now the height of the |ocal ground above the reference height
I HM NTER

call profref( ycurm 1)

! Interpolate vertically with height. PROFINT is now an N-point (N=2**NFFT)

| array containing the interpolated Munit values for the refractivity at

I range RANGE.

cal |l intprof

end subroutine refinter
A.2.15 Subroutine ROCALC

| ** ) k*kxhkhhhhhhhhhhdrhkxk SLBRO\J-I—I NE mLC khkkkhkhkhkhkhkhkhkhhkhkhkkhkhkkhkkhkkhkhkhkhkhk
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I'Ver si on Nunber:

AUTHOR:
Herb Hi tney

Space and Naval Warfare Systens Center San Di ego
At nospheric Propagation Branch, Code D858

ADDRESS:
SPAWARSYSCEN SAN DI EGO D858
49170 PROPAGATI ON PATH
SAN DI EGO CA 92152-7385
Tel : 619-553- 1428 DSN 553- 1428
Fax: 619-553-1417 DSN 553- 1417

Wth mnor code nodifications by:
Author: Amalia E. Barrios
SPAWARSYSCEN SAN DI EGO D858
49170 Propagati on Path
San Diego, CA 92152-7385

phone: (619) 553-1429
fax: (619) 553-1417

Modul e Nane: ROCALC

Mbdul e Security O assification: UNCLASSI

FI ED

PURPOSE: Conput es and stores ray-optics conponents as needed
to "span" range X. Arrays use the index K, where the el evation
angle in radians at the origin is GAMWA = K/ 1000.
respectively. |ROP and

| RON are indices of the conponent arrays that correspond to XROP

are the ranges |l ess and greater than X

and XRO\. The arrays are: DVAGSQ,) and RVAGSQ,)
squared of the direct and reflected rays;

in rad between direct and reflected rays
are derived fromcalls to sub raytrace.

needed to exceed HTLIM at both XROP and

I NPUTS:
Argunent List: X

Common: ANTREF, BW FKO, HILIM HTYD F,

XRON, XROP, YFREF, ZTCL
Public: zZOUTMA(), ZQUTPA(), ZRQ()
Par ameters: Pl

QUTPUTS:
Argunent List: NONE

XROP and XRON

= the magni tude

and OMEGA(,) = phase angle

. Ray-optics conponents
Newt on' s net hod of
iteration is used to find the direct and reflected el evation

angl es al phad & al phar. Parallel-ray approxinations are used as
starting values for the highest value of K otherw se the nost
recent values of ALPHAD & ALPHAR are used to start the iteration.
Note that KM NP and KM NN are the m ni mum K val ues for good

sol utions at ranges XROP and XRON, and KMAX i s the maxi num K

XRON.

1.3.0 nodified fromRPO 1. 15B

Common: ALPHAD, DELXRO, DMAGSQ,), HTYDIF,
KM NP, OVEGA(,), RVAGSQ.), XRON, XROP

SAVE: DALPHA, FRACRO
Modul es used: APM MOD
CALLI NG ROUTI NES: ROLCSS

RQUTI NES CALLED:

APM speci fic: ANTPAT, GETREFCCEF, RAYTRACE

Intrinsic: COUNT, DABS, DATAN, DMAX1,

| DI NT

I PQL,

I RON,

IRON, 1ROP, KM NN, PSILIM TWXKA,

I ROP, KNAX, KM NN,

GLOSSARY: See universal glossary for conmmon vari abl es.

I nput Vari abl es:
X = Current output range in neters
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! Qut put Vari abl es: NONE

Local Vari abl es:
ALPHAR = reflected ray source el evation angle in radians
BETAD = direct ray termnal elevation angle in radians
BETAR = reflected ray termnal elevation angle in radians
DALPHA = one hal f the antenna beamwi dth in radi ans

DXDAD = direct ray derivative of range w.r.t. elev angle
DXDAR = reflected ray derivative of range w.r.t. elev angle
DZDAD = direct ray derivative of height wr.t. elev angle
DZDAR = reflected ray derivative of height wr.t. elev angle

|

!

|

|

|

|

|

|

|

! FRACRO = RO range step fraction (0. to .25)

! FSQ@ = propagati on factor squared for direct ray

! FSQR = propagation factor squared for reflected ray

! GVAXDA = termused in conmputing RO range step fraction
! ITER = iteration counter (1 to 10)

! ITYPE = ray type flag (0 = direct, 1 = reflected)

! PFACD = antenna pattern factor for direct ray

! PFACR = antenna pattern factor for reflected ray

! PH = phase lag of reflection coefficient in radians

! PLDD = path length difference fromx for direct ray

! PLDR = path length difference fromx for reflected ray
! PSI = grazing angle in radians

! REFCCEF = conpl ex reflection coefficient

! RVAG = nmagni tude of reflection coefficient

! XREFLECT = Range at which ray is reflected in RO and FE cal cul ati ons.
! ZD = terminal height of direct ray in neters

! ZK = height of kth ROindex in neters

! ZR = termnal height of reflected ray in nmeters

SUBRQUTI NE r ocal c( x)
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

conpl ex(ki nd=8) ref coef
SAVE dal pha, fracRO
data deg / .01745d0 / 1'1 degree in radi ans

I Test if new RO calculations are needed. First tine is indicated
! by IROP = -1

DO WH LE (x .CGE. xROn)

IF (iR .EQ -1) THEN
i Rp
i ROn
XROn
kmax
kminp =0
kmnn =0
fracRO = 0.
dal pha = bw / 2.

htydif = htlim- yfref

| F (dal pha . GI. deg) dal pha = deg

o

Q@ x
[e¢]

ELSE
XRp = xROn
iR =1- iRD
iR =1 - iROn
km np = km nn
kminn =0

kmax = i dINT(1000. * htydif / xROp) + 2

IF (kmax . GT. 88) knmax = 88

IF (fracRO .LT. .25) THEN
gmaxda = dMAX1((.001 * kmax) / dal pha, 5.0)
fracRO= 1. / (gnaxda - 1.)

END I F
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del xRO = fracRO * xROp
XROn = xR + del xRO
END | F

Set starting conditions corresponding to hi ghest angle.
Assune parallel direct & reflected rays to start. Note DZDAD
and DZDAR are the direct and reflected ray derivatives of
height w.r.t. elevation angle at the source.

al phad = . 001 * knmax

al phar = - al phad

CALL raytrace(xROn, alphad, ZD, BETAD, DXDAD, PLDD, PS|, XREFLECT,
dzdad = -betad * dxdad

CALL raytrace(xROn, al phar, ZR BETAR DXDAR PLDR PSl, XREFLECT,
dzdar = -betar * dxdar

Main |1 oop to conpute all RO conponents at height ZK

k = knmax
DO WH LE (k .CGE. km nn)
IF (k .GI. 0) THEN
zk = xROn * .001 * k

Loop to find direct ray and conponents at ZK

iter =0
DO WHI LE (iter .LT. 10)
iter = iter +1
al phad = alphad - (zd - zk) / dzdad
CALL raytrace (xROn, al phad, ZD, BETAD, DXDAD, PLDD, PSI,

XREFLECT, | TYPE)
dzdad = - betad * dxdad

Test for direct ray not being found.

I F ((dABS(dzdad) .LT. 1.d-6) .OR (itype .EQ 1)) THEN
kmnn =k + 1
iter = 10

END I F

Test for convergence of direct ray.

IF (dABS(zk - zd) .LT. ztol) iter = 10
END DO

Loop to find reflected ray and conponents at ZK

iter =0
DO WH LE (iter .LT. 10)
iter = iter +1
al phar = al phar - (zr - zk) / dzdar
CALL raytrace(xROn, al phar, ZR BETAR DXDAR, PLDR PSl,
XREFLECT, | TYPE)
dzdar = -betar * dxdar

Test for reflected ray not being found.
I F ((dABS(dzdar) .LT. 1.d-6) .OR (itype .EQ 0)) THEN
kmnn =k + 1
iter = 10
END | F
Test for convergence of reflected ray.

IF (dABS(zk - zr) .LT. ztol) iter = 10
END DO

Test for grazing angle less than limting val ue.

IF (psi .LT. psilin kmnn =k
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! Conput e nmagni tude of direct and reflected rays
! based on ray focusing.

fsqd
fsar

dABS(XxROn / dzdad)
dABS(xROn / dzdar)

I Adjust nagnitude of direct and refl ected rays based on
| antenna patterns and reflection coefficient.

CALL antpat( al phad, PFACD )
CALL antpat( al phar, PFACR)

CALL getrefcoef( O, psi, xreflect, REFCOEF, RVAG RPHASE )
fsqd = fsqd * pfacd ** 2
fsqr = fsqr * (pfacr * rmag) ** 2

| Store ray-optics conponents in proper arrays. Phase lag, QOVEGA(,),
! is conputed based on total path length difference of the two rays
! plus the reflection coefficient phase |lag, PH .

dmagsq(i ROn, k) = fsqd
rmagsq(i ROn, k) = fsqr
onmega(i ROn, k) = (pldr - pldd) * fko + rphase

! Force field to zero at the surface by naking magni tudes equal and phase
! lag PI for Hpol. For V pol force ROfield to go to field based on
! FE cal cul ati ons.

ELSE
drmagsq(i ROn, 0) = fsqd
rmagsq(i ROn, 0) = fsqr

ormega(i ROn, 0) = -pi

if( ipol .eq. 1) then 1V pol
rx2 = xron**2
ims = count( zro .lt. 0.d0 )
zm = zoutma(ims) - rx2 / twoka
zp = zoutpa(ims) - rx2 / twoka
xreflect = xron * antref / zp

! ALPHAD = direct ray angle

! ALPHAR = reflected ray angle (grazing angle = -ALPHAR)
al phad = datan( zm/ xron )
al phar = datan( zp / xron )

call antpat( al phad, FACD)
call antpat( -al phar, FACR)

! Deternmine reflection coefficient.
call getrefcoef( O, alphar, xreflect, REFCOEF, RVAG RPHASE )

dmagsq(i ROn, 0) facd**2
rmagsq(i ROn, 0) (facr*rmag)**2
onega(i ROn, 0) = rphase
end if
END | F

! Decrenent K index.
k =k-1
END DO
! End of | oop that advances ray optics solution to XRON
END DO

END subroutine rocal ¢
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A.2.16 Subroutine ROLOSS

| ¥k kkdhhkkdhhkhdhhhhhrhkd SUBRQJTI NE RO_%S R R R R R RS EEEEEEEEEEEEEE S

AUTHOR:
Herb Hi t ney
Space and Naval Warfare Systens Center San Di ego
Tropospheri ¢ Branch, Code D883
ADDRESS:
SPAWARSYSCEN SAN DI EGO D883
49170 PROPAGATI ON PATH
SAN DI EGO CA 92152-7385
Tel : 619-553- 1428 DSN 553- 1428
Fax: 619-553-1417 DSN 553-1417

Wth m nor executabl e code nodifications by:
Author: Amalia E. Barrios

SPAWARSYSCEN SAN DI EGO D858

49170 Propagati on Path

San Diego, CA 92152-7385

phone: (619) 553-1429
fax: (619) 553-1417

I Modul e Name: ROLOSS

I Modul e Security d assification: UNCLASSI FI ED

PURPCSE: Sets propagation loss in centibels at range ROUT for j from
JVMAX to JM N based on 3 arrays obtained fromsub ROCALC. DVAGSQ,),
RVAGSQ,), and OVEGA(,). The 3 arrays are stored in order of (i,k),
where i = 0 indicates conponents at range XROP (<ROUT), and i =1

i ndi cates conponents at range XRON (>RQJUT). Kis the origin ray
angle integer index in nrad [i.e. 1000 * angle]. KM NP and KM NN
are the mni mum good val ues of K at XROP and XRON, and KMAX is the
maxi mum val ue of K where good conponents are stored at both XROP

and XRON.

I'Version Nunber: 1.3.0 nodified fromRPO 1. 15B

I NPUTS :
Argunent list: |STP, JVAX, JM N, ROUT
Common: DELXRO, DMAGSQ,), GASLGCSS, | RON, | ROP, KMAX, KM NN, KM NP,
RVAGSQ(,), XROP
Public: FSL(), ZRQ()

QUTPUTS:
Argurent |list: MPFL(,)
Conmon: NONE
SAVE: DANGH, DANGLO, DFSDHI, DFSDLO, DFSRH, DFSRLO
Modul es Used: APM MOD
CALLI NG RQUTI NES: APMSTEP, XOSTEP
ROUTI NES CALLED:
APM Speci fic: ROCALC
Intrinsic: DABS, DCOS, DLOGLO, DWVAX1, DSQRT, |DI NT, |IDNNT
GLOSSARY: See universal glossary for conmon vari abl es.
I nput Vari abl es:
| STP = CQurrent output range step index.
JMAX = Ending index within MPFL(,) of RO loss val ues.
JMN = Starting index within MPFL(,) of RO loss val ues.
ROUT = CQurrent output range in meters.

Qut put Vari abl es:
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! MPFL(,) = 2-byte integer array containing propagation factor(F) and | oss
! values in centibels vs. height, at each output range ROUT.

! Al'l values returned are referenced to height HV N

! MPFL(1,i) = loss at output height equal to i*DzOUT

! MPFL(2,i) = 20*1 0oglO(F) at output hei ght equal to i*DzOUT

Local Vari abl es:
ANG = phase angle for conmputing FSQ in radi ans
ANGH = phase angl e above desired point in radians
ANGLO = phase angl e bel ow desired point in radians
= diff. in phase angle al ong RO step above desired point
DANGLO = diff. in phase angle al ong RO step bel ow desired point
DFSDH = diff. in dir. mag**2 al ong RO step above desired point
DFSDLO = diff. in dir. nag**2 al ong RO step bel ow desired point
DFSRH = diff. in ref. mag**2 al ong RO step above desired point
DFSRLO = diff. in ref. mag**2 al ong RO step bel ow desired point
FK = floating value of K index at jth output point
FFAC = propagation factor in dB
FSDH = direct ray magnitude squared above desired point
FSDLO = direct ray magnitude squared bel ow desired point
FSQ = propagation factor squared at desired point
FSQ@ = direct ray magni tude squared at desired point
FSQR = refl ected ray nagnitude squared at desired point
FSRH = reflected ray nagnitude squared above desired point
FSRLO = refl ected ray nagnitude squared bel ow desired point
KH = K index above desired point
KLO = K i ndex bel ow desired poi nt
KLOTMP = tenporary KLO val ue
RATI OK = fraction of one Kindex (0. to 1.)
RATI OX = fraction of current ROrange step (0. to 1.)

SUBROQUTI NE roloss ( istp, rout, jmn, jmax, MFL )
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

I NTEGER( ki nd=2) npfl (2, 0:*)

SAVE danghi , dangl o, dfsdhi, dfsdlo, dfsrhi, dfsrlo
I Conpute and store ray-optics conponents.

call rocalc( rout )

I Conpute free-space loss termand ratio of distance fromlast RO
! range to ROrange increment. Set starting value of KLO to KVAX

ratiox = (rout - xROp) / del xRO
kl o = kmax
fkro = 1000. / rout
! Loop to conpute loss for all J fromJMAX to JMN.
DOj =jmax, jmn, -1
! Conpute floating (non-integer) value of K corresponding to J, and
I integer value of Kjust belowfloating K Test to see if this value
! is less than the previous value of KLO
fk = fkro * zro(j)
kl ot mp = idI NT(fk)
IF (klotnmp .LT. klo) THEN
I Set new KLO and KHI.

kl o
khi

kl ot mp
klo + 1
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If KLOis greater than or equal to the m ninumK at range XROP
and XRON, then conpute new differences in conponents between
XRON and XROP at index KLO Oherw se old values will be used.

IF ((klo .GE. knminp) .AND. (klo .GE. kmnn)) THEN
df sdl o = dmagsq(i ROn, klo) - dmagsq(i ROp, kl o)

df srlo = rmagsq(i ROn, klo) - rmagsq(i ROp, klo)
dangl o = onega(i ROn, klo) - onega(i ROp, klo)
END I F

If KH is greater than or equal to the mninumK at range XROP
and XRON, then conpute new differences in conponents between
XRON and XRCP at index KH . Qtherw se old values will be used.

IF ((khi .GE. kninp) .AND. (khi .GE. knminn)) THEN
df sdhi = dmagsq(i Ron, khi) - dmagsq(i ROp, khi)

df srhi = rmagsq(i ROn, khi) - rmagsq(i ROp, khi)
danghi = onega(i ROn, khi) - onega(i ROp, khi)
END I F

If KLOis greater than or equal to the mnimmK at XROP, then
conput e new conponents at range RQOUT at index KLO by linear inter-
polation fromrange XROP at KLO Qherw se interpol ate backwards
from XRON at KLO.

IF (klo . GE. knminp) THEN

fsdlo = dmagsq(i ROp, klo) + ratiox * dfsdlo

fsrlo = rmagsq(i RO, klo) + ratiox * dfsrlo

anglo = onega (i ROp, klo) + ratiox * danglo
ELSE

ratioxml = 1. - ratiox

fsdlo = dnmagsq(i ROn, klo) + ratioxnml * dfsdlo

fsrlo = rmagsq(i ROn, klo) + ratioxml * dfsrlo

angl o = onega (i ROn, klo) + ratioxnl * dangl o
END I F

If KH is greater than or equal to the mnimumK at XROP, then
conmput e new conponents at range RQOUT at index KH by linear inter-
polation fromrange XROP at KH. Qherw se interpol ate backwards
fromXRON at KHI .

IF (khi .GE. kninp) THEN

fsdhi = dmagsq(i ROp, khi) + ratiox * df sdhi
fsrhi = rmagsq(i ROp, khi) + ratiox * df srhi
anghi = onega (i ROp, khi) + ratiox * danghi
ELSE
ratioxml = 1. - ratiox
fsdhi = dmagsq(i ROn, khi) + ratioxml * df sdhi
fsrhi = rmagsq(i ROn, khi) + ratioxml * dfsrhi
anghi = omega (i ROn, khi) + ratioxml * danghi
END I F
END | F
ratiok = fk - klo
fsqd = fsdlo + ratiok * (fsdhi - fsdlo)
fsgr = fsrlo + ratiok * (fsrhi - fsrlo)
ang = anglo + ratiok * (anghi - angl o)

Conput e square of propagation factor.

fsq = dABS(fsqd + fsqr + 2.d0 * dSQRT(dABS(fsqd * fsqr)) * dCOS(ang))

Convert FSQto propagation factor in dB. Limt to -250 dB.
ffac = 10. * dlogl0( dmax1(1.d-25, fsq) )
Conmput e and store propagation factor & loss in terns of closest

integer centibel (cB). Note: gaseous absorption is included in the
final propagation factor value that's output.
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dloss = fsl (istp) - ffac + gasl oss
ffac = fsl(istp) - dloss

mpfl (1,j) = iidnnt( 10. * dloss )
mpfl (2,j) =iidnnt( 10. * ffac )
END DO

END subrouti ne rol oss

A.2.17 Subroutine SAVEPRO

] EE R R R S S S SLBRQJTI NE SAVEPRO EIE R R

! Mbdul e Nane: SAVEPRO
! Modul e Security O assification: UNCLASSI FI ED

! Purpose: Saves the refractivity profiles at each range step fromthe top of
! the PE region to the maxi mum user-specified height. For use only
! when using the hybrid nodel .

I Version Nunber: 1.3.0

I NPUTS:
Argunent List: NONE
Common: 1Z, LVLEP, ZLIM
Public: HTDUM ), REFDUM)

I QUTPUTS:

! Argunent List: NONE
! Conmon: NONE

|

Public: GRAD(,), HTR(,), LVL()
! Modul es Used: APM MOD
! Calling Routines: FZLIM
! Routines Called:
! APM Speci fic: NONE
! Intrinsic: DABS, DSlIGN
| GLOSSARY: See universal glossary for conmon vari abl es.
! I nput Vari abl es: NONE
! Qut put Variabl es: NONE
Local Vari abl es:
G = Gadient of current refractivity profile |evel.

NEW. = Number of levels in refractivity profile fromtop of PE
regi on to maxi mum hei ght .

!
|
!
|
subrouti ne savepro
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

| Determine at what index of current profile to begin storing from height
I ZLIM

i =0

do while( zlim.gt. htdun(i) )
i =i +1

end do

=i -1

nem = -1
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| Store gradients and height levels fromthis index |evel

refdum(j)

ref dun(j pl)

ht dungj )

ht dun{(j p1)
g=(rm - rm
if( dabs( g ) .l
newl = new + 1
grad(new ,iz) =
htr(new ,iz) = h

end do

newl =new + 1

htr(new ,iz) = htdun(lvlep)

Ivl(iz) = new

)/ (h2 - hl)
t. g =

2
1.d-3) dsign( 1.d0, g )*1.d-3

g* 1.d6 !
1

end subroutine savepro

A.2.18 Subroutine SPECEST

- | to LVLEP-1.

for ray trace fornul as

[ BRI E  E E E  E E  E  E E  E SUBRQJTI NE SPE&ST KAXKKXKX AKX AKX AKX KRR KA AR AR AR Kk Kk

! Mbdul e Nane: SPECEST

! Modul e Security O assification: UNCLASSI Fl ED

I Purpose: Determ nes the propagation angle THOUT based on spectral

! estimation of either the topnost |ayer of the field still

! within the "good" part of the transform or the |ower part
! of the field (grazing angle), depending on the val ue of

! | FLAG For the upper portion of the field it |ooks at the
! field fromhei ght=JZLI MDELZ t o hei ght =(JZLI M NPNTS) * DELZ.
! Version Nunber: 1.3.0

I I NPUTS:

! Argument List: | FLAG

! Common: DELZ, JZLIM LNP, NP34, NPNTS, NSML, XOCON, YCUR

! Public: FILTP(), W)

! Data: | SN

I QUTPUTS:

! Argument List: THOUT

! Common:  NONE

! Public: SPECTR(), XP(), YP()

! Modul es Used: APM MOD

! Calling Routine: FZLIM CETGRAZE

! Routines Called:

! APM Speci fic: DRST(in nodul e APM MOD)

! Intrinsic: DASIN, DBLE, D MAG, DLOGLO, DWVAX1, DSQRT,

| GLOSSARY: See universal glossary for conmon vari abl es.

I nput Vari abl es:

| FLAG = Integer flag indicating if spectral

performed on | ower PE field (IFLAG=1,
upper PE field (I FLAG=0, XO .

! Qut put Vari abl es:

I DNI NT, MAXO, M NO, REAL

estimation is to be
rough surface) or

! THOUT = outward propagation angle in radians at top of PE height

! regi on.

! Local Vari abl es:
! AVP = Field nmagnitude with lower limt of 1.e-10.
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ATTN = Filter factor -

used for filtering field before transform ng

I|PEAK = Bin # in SPECTR() corresponding to the peak magnitude.

K =Bin # at which to start storing

PAVG = 3-pt average magnitude
PEAK = Peak magnitude

PP = Field magnitude.

subroutine specest( iflag, THOUT )
use apm nod

inplicit integer(kind=4) (i-n)
implicit real (kind=8) (a h, o 2)

if(iflag .eq. 0) then
I Store upper NPNTS of U() in XP() and YP().

k =jzlim- idnint( ycur / delz)

doi =0, npnts-1
xp(i) =real ( u(k), 8)
yp(i) = di mg(u(k))
k =k-1
end do
el se

! Store lower NPNTS of W) in XP() and YP().

xp(0: npnts-1)
yp(0: npnts-1)

real ( u(O:npnts-1), 8)
di mag( u(O0:npnts-1) )

end if

do i = np34, npnts
attn = filtp(i-np34)
xp(i)=attn*xp(i)
yp(i)=attn*yp(i)

end do
| Zero pad.
do i = npnts+l, nsnil
xp(i) = 0.
yp(i) = 0.
end do
I Transformto obtain spectral field
call drst( xp, Inp, isn)
call drst( yp, Inp, isn)
I Determ ne anplitude
doi =0, nsm
xpi = xp(i)
ypi = yp(i)
pp = dsqrt( xpi*xpi + ypi*ypi )

anmp = drmax1(1.d-10, pp)
spectr(i) = 10.* dl ogl0(anp)
end do

!
!
!
! K-NPNTS are stored in XP() and YP().
!
!
!

PE field. Points fromK to

This is for XO cal cs

This is for rough surface calcs

! Performa 3-point average and | ook for anplitude peak

ipeak = 0
peak = -200.
doi =1, nsm
iml = max0( 1, i-1)
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ipl = mnO( nsnl, i+1)

pl = spectr(ind)
p = spectr(i)
p2= spectr (i pl)

pavg = (pl + p + p2) / 3.
if( pavg .gt. peak) then
i peak =i
peak = pavg
end if
end do

| Determi ne angle from bi n# | PEAK where peak occurs.
thout = dasin( xocon * dble(ipeak) )

end subroutine specest
A.2.19 Subroutine TROPOSCAT

!************************** SUBRQJ‘I’I ’\E Tmoo\T LR R R R
! Mbdul e Nanme: TROPOSCAT
! Modul e Security O assification: UNCLASSI Fl ED

! Purpose: This routine deternines the | oss due to troposcatter and conputes
! the appropriate loss fromtroposcatter and diffraction beyond the
! radi o horizon.

I Version Nunmber: 1.3.1

I NPUTS:
Argunent List: |STP, JS, JE
Common: EK, FTER, |PE, JT2, RIT, RF, SNREF_TX, THETALS,
TLSTWR, TWIKA
Public: ADIF(), D2S(), RDT(), RLOGX), RLOSS(), RNGQUT(), THL(),
THETAO(), THETA2S(), TYH(), ZQOUT()

QUTPUTS:
Argunent List: NONE
Common: NONE
Public: RLOSS()

! Modul es Used: APM MDD
I Calling Routines: CALCLOS, EXTO

! Routines Called:
! APM Speci fic: ANTPAT
! Intrinsic: AMAXO, DBLE, DEXP, DLOGLO, DVAX1, DM N1, M NLCC

I GLCSSARY:

! I nput Vari abl es:

! | STP = CQurrent output range step index.

! JS = Starting index in ZOUT() for troposcatter calcul ations.
! JE = Ending index in zZQUT() for troposcatter cal cul ations.

! RLOSS() = Propagation loss in dB vs. height at range ROUT.

! Qut put Vari abl es
! RLCSS() = Propagation/troposcatter loss in dB vs. height at range ROUT.

Local Vari abl es:
ALM N = 1-el enent array containing subscript of mninmmval ue
in TH() array.
AL = Angl e defined by equ. 115 in EREPS 3.0 User's Manual
NRaD TD 2648, pp. 105.
ALD = Log of antenna pattern factor for ALPHAD where ALPHAD here
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! represents |owest direct ray angle in optical region.

! BE = Angle defined in equ. 116 in EREPS 3.0 User's Manual

! NRaD TD 2648, pp. 105.

! Bl GH = Frequency gain function defined in equ. 119 in EREPS 3.0
! User's Manual NRaD TD 2648, pp. 106.

! CTl = Quantity defined in equ. 124 in EREPS 3.0 User's Manual
! NRaD TD 2648, pp. 106.

! CT2 = Quantity defined in equ. 125 in EREPS 3.0 User's Manual
! NRaD TD 2648, pp. 106.

! Dl = Range from source to tangent point in neters.

! D2 = Range fromreceiver to tangent point in neters.

! DELHO = Frequency gain function correction termdefined in equ.
! 127 in EREPS 3.0 User's Manual NRaD TD 2648, pp. 106.
! ER = Exponent used in troposcatter calcs =-4/3

! ETAS = Quantity defined in equ. 126 in EREPS 3.0 User's Manual
! NRaD TD 2648, pp. 106.

! HO = Effective scattering height - defined in equ. 109 in

! EREPS 3.0 User's Manual NRaD TD 2648, pp. 105.

! HORL = Quantity defined in equ. 120 in EREPS 3.0 User's Manual
! NRaD TD 2648, pp. 106.

! HOR2 = Quantity defined in equ. 121 in EREPS 3.0 User's Manual
! NRaD TD 2648, pp. 106.

! JT1 = Index counter for THL() array.

! JZ = Qurrent output height index.

! QI = Quantity defined in equ. 128 in EREPS 3.0 User's Manual

! NRaD TD 2648, pp. 107.

! Rl = Quantity defined in equ. 122 in EREPS 3.0 User's Manual

! NRaD TD 2648, pp. 106.

! R2 = Quantity defined in equ. 123 in EREPS 3.0 User's Manual

! NRaD TD 2648, pp. 106.

! ROUT = CQurrent output range in neters.

! ROUT3 = Current output range in km

! S = Quantity defined equ. 110 in EREPS 3.0 User's Manual

! NRaD TD 2648, pp. 105.

! SN1 = Surface refractivity term

! SNREF = Average surface refractivity.

! SNREF_TR = Surface refractivity at receiver range.

! THETA = Common vol ume scattering angle in radians.

! THETAL = Tangent angl e from source height.

! THETA2 = Tangent angle fromrecei ver height.

! TLOSS = Troposcatter |oss in dB

! TLST = Troposcatter loss term

! TLSTS = Troposcatter loss termfor snmooth surface.

subroutine troposcat( istp, js, je )
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2z)

i nt eger (ki nd=4) alm n(1)
data er / -1.333333d0 /

rout = rngout (istp)
IlInitialize surface refractivity and associ ated terns.

snref _tr = refref(0)

snref = .5 * (snref_tx + snref_tr)
snl = .031 - .00232 * snref + 5.67d-6 * snref**2
tlsts = tlstw - .2 * snref

! For snooth surface, initialize tangent angle for source height and
linitialize troposcatter loss term plus other variabl es dependent only
lon range.

thetal = thetals

tlst = tlsts

theta02 = thetaO(istp) * .5
rout3 = rout * 1.d-3

316



I'I'f terrain case, determ ne tangent angle fromsource and initialize
Icounter for receiver case.

if( fter ) then
do while(( rout .gt. dble(jt2)*dr ) .and. ( jt2 .le. ipe))
jt2 =jt2 +1
end do
j2m= amax0( 1, jt2 - 1)
almn = nminloc( thl(1l:j2m )
jtl = almn(1)
thetal = thl(jtl)
dl = dble(jtl) * dr
end if

dojz =js, je

! For snooth surface, if current output range is |ess than m ni num
I'diffraction field range, then still in interference region - exit.

if(( rout .It. rdt(jz) ) .and. ( .not. fter )) return
! For snooth surface, initialize tangent angle for receiver height.

theta2 = theta2s(jz)
d2 = d2s(j z)

if( fter ) then
I'lf terrain case, determ ne tangent angle fromreceiver.

doi =j2m jt1, -1
h2 = tyh(i)
rx dble(i) * dr
r2 = rout - rx
ang2 = (zout(jz) - h2) / r2 +r2 / twka
if(i .eq. j2m) then
theta2 = ang2
d2 =r2
end if
if( ang2 .1t. theta2 ) then
theta2 = ang2
d2 =r2
end if
end do
if( theta2 .gt. theta2s(jz)) then
theta2 = theta2s(jz)
d2 = d2s(j z)
end if
if( rout .1t. (di+d2) ) return

1 Get antenna pattern loss term ALD, based on tangent angle from
I'source over terrain.

al phad = thetal + 1.d-6

call antpat( al phad, FACTIR)

if( factr .ne. 0. ) ald = 20. * dlogl0( factr )
I Adj ust troposcatter loss term

tlst =tlsts - ald
end if

! Det er mi ne conmon vol une scattering angl e.
theta = thetaO(istp) - thetal - theta2
antdifr = adif(jz) / rout

!Deternmine angles illustrated and defined in equs. 115 and 116 in
I EREPS 3.0 User's nanual .
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theta02 - thetal + antdifr
theta02 - theta2 - antdifr

al
be

s = dmnl( dmax1( .1, al / be ), 10. )
! Get effective scattering height, HO

hO = s * rout3 * theta/ ( 1. + s )**2
! The follow ng variables are determned to conpute the frequency gain
Ifunction BIGH Al variables are defined in equs. 119-128 in EREPS

13.0 user's manual

etas = .5696 * hO * ( 1. + snl * dexp(-3.8d-6 * h0**6) )

etas dm nl( dnax1l( .01, etas ), 5. )
ctl = 16.3 + 13. 3*etas

ct2 = .4 + .16*etas

ri = dmax1( .1, rlt * theta)

r2 dmax1( .1, rf * zout(jz) * theta )
horl = dmax1( 0., ctl * (rl1 + ct2)**er )
hor2 = dmax1( 0., ctl * (r2 + ct2)**er )
gt = dmnl( dmex2( .1, r2/ s/ r1), 10. )
delho = 6.*(.6 - dloglO(etas)) * dloglO(s) * dl oglo(qt)
hp = (horl + hor2) / 2.
del ho = dm n1( hp, delho )
if( delhot+hp .I1t. 0. ) delho =-hp
bi gh = hp + del ho
! Troposcatter |oss is conputed

tloss = tlst + 573. * theta + rlogo(istp) + bigh

! Troposcatter |oss is conpared to propagation loss. |If the difference
I bet ween the propagation and troposcatter loss is less than 18 dB
I'then the the propagation factors are summed. |If the difference is

Igreater than 18 dB then |l esser of the 2 | osses is used

dif =rloss(jz) - tloss
if( dif .ge. 18. ) then
rloss(jz) = tloss
elseif( dif .ge. -18. ) then
rloss(jz) =rloss(jz) - 10.*dl ogl0( 1. + 10.**(.1*dif) )
end if
end do

end subroutine troposcat

A.3 SUBROUTINE XOINIT

| EEEEEEEREEEEEEEEEEEEEEE LSS SUBRQJTI NE XO NIT R R EEEEEEEEEEEEEEEEEEEEEES

! Module Nane: XONT

! Modul e Security O assification: UNCLASSI FI ED

! Purpose: This routine initializes the range, height and angle arrays
! in preparation for XOSTEP. It perfornms 2 passes on a 10- pt
! snoot hi ng average to snmooth the propagati on angl es

! Version Nunber: 1.3.0

I I NPUTS

! Argunent List: | XOSTP, JEND
! Common: FTER, 1Z, |1ZNVAX, ZLIM
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! Public: FFACZ(,)

QUTPUTS:
Argunent List: JXSTART, |ERROR
Conmon:

NONE
Public: CURANG), CURHT(), CURNE), IGRD(), PRFH XQ)
! Modul es I ncl uded: APM MOD

! Calling Routines: MAIN DRI VER PROGRAM

! Routines Called:
! APM Speci fic: APMCLEAN, MEANFI LT
! Intrinsic: ALLOCATE, ALLOCATED, DEALLQCATE

| GLOSSARY: See universal glossary for common vari abl es and paraneters.

! | nput Vari abl es:
! JEND = Qutput index in MPFL() where |oss val ues cal cul ated from
! PE nodel ends.

! Qut put Vari abl es:
! JXSTART = Qutput index in MPFL() where | oss values cal cul ated from
! from XO nodel begins.

! Local Vari abl es:
! DUM = Dummy array for CURANG ).

subroutine xoinit( ixostp, jend, JXSTART, |ERROR)
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

real (kind=8), allocatable :: dun(:)
if( ixostp .gt. 0 ) then

if( allocated( curang ) ) deallocate( curang, stat=ierror )
al l ocate( curang(izmax), stat=ierror )

if( ierror .ne. 0) return

curang = ffacz(:, 3)

if( allocated( curht ) ) deallocate( curht, stat=ierror )
al l ocate( curht(izmax), stat=ierror )
if( ierror .ne. 0 ) return

I Initialize so that ray tracing in subroutine EXTO begi ns at hei ght
I ZLIMwith the first gradient at index O in array GRAD(,).

curht = zlim

if( allocated( curng ) ) deallocate( curng, stat=ierror )
all ocate( curng(izmax), stat=ierror )

if( ierror .ne. 0) return

curng = ffacz(:,?2)

if( allocated( igrd ) ) deallocate( igrd, stat=ierror )
allocate( igrd(izmax), stat=ierror )

if( ierror .ne. 0 ) return

igrd = 0.

if( allocated( prfh_xo ) ) deallocate( prfh_xo, stat=ierror )
all ocate( prfh_xo(izmax,2), stat=ierror )

if( ierror .ne. 0) return

prfh_xo = 0.d0

if( allocated( dum) ) deallocate( dum stat=ierror )

al l ocate( dun{izmax), stat=ierror )
if( ierror .ne. 0 ) return
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dum = 0.dO
if( fter ) then
! Now perform 1st snoothing on entire angle array.
call meanfilt( curang, iz, ism DUM)
I Now perform 2nd snoot hing on entire angle array.
call meanfilt( dum iz, ism CURANG)
end if
jxstart = jend + 1
deal | ocate( dum)
el se
! Deallocate all allocated arrays.
call aprtlean( |ERROR)
end if

end subroutine xoinit
A.3.1 Subroutine APMCLEAN

| * %k kkdkhhkhkhhhhhkhhhhhkhdhhhhdhhdxk SLBROJTI NE AP'\/U_EAN R R R R R R S R S S

! Modul e Nane: APMCLEAN
! Modul e Security O assification: UNCLASSI Fl ED

! Purpose: This routine deallocates all dynam cally di mensioned arrays
! used in one conplete run of APM cal cul ati ons.

! Version Nunber: 1.3.0
! Mdified by S. Fast to not return until all deallocation is conplete!

I I NPUTS:

! Argunent List: | ERROR
! Common: LN

!

Public: Most dynam cal ly di mensioned arrays in APM MCD

QUTPUTS:
Argunent List: | ERROR
Conmon: None
Publ i c: None

I Modul es Used: APM MOD

I Calling Routines: XONT, XOSTEP

! Routines called:

! APM Speci fic: DRST

! Intrinsic: ALLOCATE, ALLOCATED, DEALLOCATE

I GLCSSARY: See universal glossary for common and public vari abl es.

! I nput Vari abl es: None

! Qut put Vari abl es: None

! KERROR = Integer variable indicating error # for DEALLOCATE and ALLOCATE
! st at enent s.

! Local Variabl es: None
! | ERRCR = Integer variable indicating error # for DEALLOCATE and ALLOCATE
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st at enents.

subroutine apntl ean( KERROR )

use apm nod

implicit

ierror
kerror

I Deal |

=0
=0

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

ocate al

. ne.

. ne.

. ne.

. ne.

. ne.

. ne.

. he.

. nhe.

. he.

. ne.

. nhe.

. ne.

. he.

. ne.

. nhe.

. he.

. nhe.

. ne.

. ne.

i nt eger (ki nd=4) (i-n)
implicit real (kind=8) (a-h

0 2)

arrays allocated in ALLARRAY_APM

fsl ) ) deallocate( fsl
0 ) kerror =ierror

stat=ierror )

hfangr ) ) deallocate( hfangr, stat=ierror

0 ) kerror =ierror

rsqrd ) ) deallocate( rsqrd
0 ) kerror = ierror

stat=ierror )

rlogo ) ) deallocate( rlogo
0 ) kerror =ierror

stat=ierror )

rngout ) ) deallocate( rngout, stat=ierror

0 ) kerror =ierror

zout ) ) deal |l ocate( zout,
0 ) kerror =ierror

stat=ierror )

zro ) ) deallocate( zro, stat=

0 ) kerror =ierror

error )

zoutnma ) ) deal |l ocate( zoutma, stat=ierror

0 ) kerror =ierror
zoutpa ) ) deall ocate( zoutpa, stat=ierror
0 ) kerror =ierror

hlim) ) deallocate( hlim stat=ierror )
0 ) kerror =ierror

htfe ) ) deallocate( htfe, stat=ierror )
0 ) kerror =ierror

rfacl ) ) deallocate( rfacl
0 ) kerror =ierror

stat=ierror )

rfac2 ) ) deallocate( rfac2
0 ) kerror =ierror

stat=ierror )

rloss ) ) deallocate( rloss
0 ) kerror =ierror

stat=ierror )

dielec ) ) deallocate( dielec, stat=ierror

0 ) kerror =ierror

igrnd ) ) deallocate( igrnd
0 ) kerror =ierror

stat=ierror )

rgrnd ) ) deallocate( rgrnd
0 ) kerror =ierror

stat=ierror )

refdum) ) deallocate( refdum stat=ierror
0 ) kerror = ierror

htdum) ) deallocate( htdum stat=ierror )
0 ) kerror =ierror
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call

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

i f( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

grdum) ) deallocate( grdum stat=ierror )
0 ) kerror =ierror

href ) ) deallocate( href, stat=ierror )
0 ) kerror =ierror

refref ) ) deallocate( refref, stat=ierror )
0 ) kerror =ierror

gr ) ) deallocate( gr, stat=ierror )
0 ) kerror =ierror

g ) ) deallocate( q, stat=ierror )
0 ) kerror =ierror

rm) ) deallocate( rm stat=ierror )
0 ) kerror =ierror

zrt ) ) deallocate( zrt, stat=ierror )
0 ) kerror = ierror

Deal | ocate arrays used in troposcatter cal cul ations.

i f( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

adif ) ) deallocate( adif, stat=ierror )
0 ) kerror =ierror

d2s ) ) deallocate( d2s, stat=ierror )
0 ) kerror = ierror

rdt ) ) deallocate( rdt, stat=ierror )
0 ) kerror =ierror

thl ) ) deallocate( thl, stat=ierror )
0 ) kerror =ierror

thetaO ) ) deallocate( thetaO, stat=ierror )
0 ) kerror =ierror

theta2s ) ) deallocate( theta2s, stat=ierror )
0 ) kerror =ierror

Deal | ocate all arrays allocated i n ALLARRAY_PE.

if( allocated(
if( ierror .ne.

i f( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

if( allocated(
if( ierror .ne.

i f( allocated(
if( ierror .ne.

if( allocated(

drst( udum In, -1 ) !Deallocates arrays in DRST nodul e.

envpr ) ) deallocate( envpr, stat=ierror )
0 ) kerror =ierror

filt ) ) deallocate( filt, stat=ierror )
0 ) kerror =ierror

) deal |l ocate( frsp, stat=ierror )

frsp)
0 ) kerror =ierror

ht ) ) deallocate( ht, stat=ierror )
0 ) kerror =ierror

profint ) ) deallocate( profint, stat=ierror )
0 ) kerror =ierror

rn) ) deallocate( rn, stat=ierror )
0 ) kerror =ierror

u) ) deallocate( u, stat=ierror )
0 ) kerror =ierror

ulst ) ) deallocate( ulst, stat=ierror )
0 ) kerror =ierror

w) ) deallocate( w, stat=ierror )
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(ierror

( allocated(
( ierror

( all ocat ed(
( ierror

( all ocat ed(
( ierror

Deal | ocate all

( allocated(
( ierror

( all ocat ed(
( ierror

( allocated(
(ierror

( all ocat ed(
( ierror

al | ocat ed(
ierror

al | ocat ed(
ierror

( allocated(
( ierror

( all ocated(
(ierror

( allocated(
( ierror

( all ocated(
( ierror

( all ocated(
( ierror

( all ocated(
(ierror

( all ocat ed(
( ierror

( all ocat ed(
(ierror

( all ocat ed(
( ierror

( all ocat ed(
( ierror

subrouti ne

. ne.

. ne.

. ne.

. nhe.

. ne.

. nhe.

. ne.

. ne.

. ne.

. ne.

. he.

. ne.

. he.

. nhe.

. nhe.

. ne.

. nhe.

. ne.

. nhe.

. ne.

0 ) kerror ierror
ym) ) deallocate( ym stat=ierror )
0 ) kerror ierror

udum) ) deal | ocate( udum stat=ierror )
0 ) kerror ierror

cn2 ) ) deallocate( cn2,
0 ) kerror ierror

stat=ierror )

arrays all ocated i n ALLARRAY_XORUF.

ffrout ) ) deallocate( ffrout,
0 ) kerror ierror

stat=ierror )

ffacz ) ) deallocate( ffacz,
0 ) kerror ierror

stat=ierror )

grad ) ) deallocate( grad,
0 ) kerror ierror

stat=ierror )

htr ) ) deallocate( htr, stat=ierror )

0 ) kerror =ierror
Ivl ) ) deallocate( Ivl, stat=ierror )
0 ) kerror = ierror

filtp ) ) deallocate( filtp, stat=ierror )

0 ) kerror =ierror

xp ) ) deallocate( xp, stat=ierror )

0 ) kerror =ierror

yp ) ) deallocate( yp, stat=ierror )

0 ) kerror =ierror

spectr ) ) deal |l ocate( spectr, stat=ierror )
0 ) kerror =ierror

curang ) ) deallocate( curang, stat=ierror )

0 ) kerror =ierror

curht ) ) deallocate( curht,
0 ) kerror ierror

stat=ierror )

curng ) ) deallocate( curng,
0 ) kerror ierror

stat=ierror )

igrd ) ) deallocate( igrd,
0 ) kerror ierror

stat=ierror )

prfh_xo ) ) deallocate( prfh_xo,
0 ) kerror ierror

stat=ierror )

graze ) ) deall ocate( graze,
0 ) kerror ierror

stat=ierror )

tyh ) ) deallocate( tyh,
0 ) kerror =ierror

stat=ierror )

apncl ean

A.3.2 Subroutine MEANFILT

Arkkkkkkxkkxkkxkkxxkkxxxxx GUBROUTI NE MEANF] LT ****x*kxkkxkkkkkhkxhkxhkx

Modul e Nane:

Mbdul e Security d assification:

MEANFI LT

UNCLASSI FI ED
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! Purpose: Perforns |SZ-pt average snoothing/filtering.
! Version Nunber: 1.3.0
I I NPUTS:
! Argunent List: ARBEF(), 1Sz, M
! Common:  NONE
I QUTPUTS:
! Argument List: ARAFT()
! Common:  NONE
! Modul es Used: NONE
I Calling Routines: XONT
! Routines called:
! APM Speci fic: NONE
! Intrinsic: REAL, SUM
I GLOSSARY: See universal glossary for common vari abl es.
| nput Vari abl es:
ARBEF = array before snoot hi ng.
1SZ = # of points in which to take average snoot hi ng.
M= # of points in array.

! Qut put Vari abl es:
! ARAFT = array after snoothing.

subroutine nmeanfilt( arbef, m isz, ARAFT )
I'M nust be odd

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

di mensi on arbef (*), araft(*)
mK = (m-1) / 2
ind =isz - nx
araft(1:isz) = arbef(1:isz)
do k = nx+1, ind
araft (k) = sum( arbef(k-mx:k+mx) ) / real(m8)
end do

end subroutine nmeanfilt

A.4 SUBROUTINE XOSTEP

| **k kkkkhkhkkdkhkhdxhkhdxkr*x SLBROJTI NE X(BTEP kkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkx*k

I Modul e Nane: XOSTEP
! Modul e Security O assification: UNCLASSI Fl ED

! Purpose: Calcul ates |oss values in the height regi on above
! t he maxi mum hei ght of the PE nodel for one range step.

I Version Nunber: 1.3.0

I I NPUTS:

! Argunent List: |STP, JXSTART

! Common: GASATT, HTLIM | HYBRI D, NzQUT
! Public: HTFE(), RNGOUT(), ZOUT()

! Dat a: | NVAL

I QUTPUTS:
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! Argunent List: JXEND, MPFL(), ROUT
! Common: GASLOSS

I Modul es Used: APM MOD
! Calling Routines: MAIN DRI VER PROGRAM

! Routines Called:
! APM Speci fic: APMCLEAN, EXTO FEM ROLCSS
! Intrinsic: |1DNNT, MAXO

I GLOSSARY: See universal glossary for common vari abl es.

| nput Vari abl es:
| STP = CQurrent output range step index.
JXSTART = Qutput index in MPFL() where | oss val ues cal cul at ed
from FE/ RQ XO nodel begi ns.

Qut put Vari abl es:
JXEND = Index at which the valid propagation |oss val ues end.
ROUT = CQurrent output range in meters.
MPFL(,) = 2-byte integer array containing propagation factor(F) and | oss
values in centibels vs. height, at each output range ROUT.
Al values returned are referenced to height HVM N
MPFL(1,i) = loss at output height equal to i*DzOUT
MPFL(2,i) = 20*1 ogl0(F) at output height equal to i*DzCQUT

Local Vari abl es:

|

! JFE = ending index within MPFL() of FE | oss val ues.

! JFS = starting index within MPFL() of FE | oss val ues.
! JRE = ending index within MPFL() of RO I oss val ues.

! JRS = starting index within MPFL() of RO |l oss val ues.
! RSQ = Square of output range ROUT

subroutine xostep( istp, ROUT, MPFL, jxstart, JXEND )
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

i nteger (kind=2) npfl(2,0:%*)
if( ihybrid .eq. 0 ) return
jfs
jfe
jrs
jre

o n
oo oo

rout = rngout (istp)
gasl oss = rout * gasatt

mpfl (:,jxstart:nzout) = inval

I Performextended optics cal cul ations.
I JXE = ending index within MPFL() of XO | oss val ues.

call exto( istp, rout, MPFL, jxstart, JXE)

if( ihybrid .eq. 1) then
if( htfe(istp) .1t. (htlim- htfe(istp)*1.d-5) ) then

j = nzout
do while( zout(j) .gt. htfe(istp) )
i=i-1
end do
jfs = max0( jxe+l, j+1)
jfe = nzout
end if

if( jfe .gt. 0) call fenm( istp, rout, MPFL, jfs, jfe)
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I PerformRO cal cul ations if necessary
! JRS = starting index within MPFL() of RO | oss val ues.
I JRE = ending index within MPFL() of RO |oss val ues.

if( jxe .1t. nzout ) then

jre =jfs - 1
if( jre .lt. 0) jre = nzout
jrs = jxe +1
if( jrs .gt. jre ) then
jrs =0
jre =0
end if

if( jre .gt. 0) call roloss( istp, rout, jrs, jre, MPFL )
end if
end if
jxend = max0( jxe, jfe, jre)
| Deallocate all allocated arrays.

if( istp .eq. nrout ) call apntlean( |ERROR)

end subroutine xostep
A.4.1 Subroutine EXTO

| R R R R R R R R R S S S S SUBmJTI’\E EXTO kkkkkkkhkhkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkx*k

! Mbdul e Nanme: EXTO
! Modul e Security O assification: UNCLASSI FI ED

! Purpose: This routine cal cul ates | oss based on XO techni ques. It

! performs a ray trace on all rays within one output range step
! and returns the propagation | oss up to the necessary height,
! storing all angle, height, and range information for ray

! trace upon next call.

I Version Nunber: 1.3.0

I I NPUTS:

! Argunent List: |ISTP, JXS, RQUT

! Common: GASLCSS, FTER, HTLIM |RATZ, 1Z, NzZOUT, TROPO

! Public: CURANG), CURHT(), CURNGE ), FFACZ(,), FFRQUT(,), FSL(),
! GRAD(,), HLIM), HIR(,), I1GRX(), LVL(), ZQUT()

I QUTPUTS:

! Argunent List: JXE MPFL()

! Common: CURANG(), CURHT(), CURNE ), HLIM), PRFH XQ(), RLOSS()
! SAVE: IRPS, |ZE, 1ZS

! Modul es Used: APM MOD

I Calling Routines: XOSTEP

! Routines called:

! APM Speci fic: PLINT(function), TROPOSCAT

! Intrinsic: MAXO, MNO, DM N1, DSQRT, || DNNT

| GLOSSARY: See universal glossary for common vari abl es and paraneters.
! I nput Vari abl es:

! | STP = index of current output range step.

! JXS = index in MPFL() where |oss val ues cal cul ated from

! XO nodel begi ns.

! RQUT = current output range in neters.

! Qut put Vari abl es:
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JXE = index in MPFL() where |oss val ues cal cul ated from
XO nodel ends.
MPFL(,) = 2-byte integer array containing propagation factor(F) and | oss
values in centibels vs. height, at each output range ROUT.
Al values returned are referenced to height HM N
MPFL(1,i) = loss at output height equal to i*DzOUT
MPFL(2,i) = 20*1 ogl0(F) at output height equal to i*DzOUT

Local Vari abl es:

A0 = Angle at start of trace in radians.

Al = Angle at end of trace in radians.

FFAC = Propagation factor in dB for specified output height point
at range ROUT.

GRD = Gradient of current refractivity |ayer being traced through.

HO = Height at start of trace in neters.

= Height at end of trace in neters.

| GRAD = I ndex of current gradient level in GRAD(,) in ray trace.

I RP = Counter for current refractivity/gradient profile being used
fromGRAD(,). (Profile varies only for range-dependent case).

IRPS = Starting index counter, used to nake sure IRP is
initialized properly.

| ZE = Ending index in CURANGE ), CURNGE ), and CURHT() to trace to
RQUT.

1ZS = Starting index in CURANG ), CURNGE ), and CURHT() to trace to
ROUT.

NXO = # of rays traced, i.e., height points, in XO region.

P1 = Propagation factor at height Z1.

P2 = Propagati on factor at height Z2.

RO = Range at start of trace in neters.

Rl = Range at end of trace in neters.

Z1 = Nearest traced hei ght point bel ow current output height point
in zZQJT().

Z2 = Nearest traced hei ght point above current output height point
in ZQUT().

subroutine exto( istp, rout, MPFL, jxs, JXE)
use apm nod

implicit integer(kind=4) (i-n)
implicit real (kind=8) (a-h, o 2)

i nteger (kind=2) npfl(2,0:%*)
save irps, ize, izs

! Define in line ray trace functions:

radal( a, b ) =a**2 + 2. * grd * b l'a=a0, b=h1-hoO

rp( a, b) =a+ b/ grd la=r0, b=al-a0

ap( a, b) =a+b* grd la=a0, b=r1-r0

hp( a, b, ¢ ) =a + ( b**2 - c**2 ) / 2. | grd !a=h0, b=al, c=a0

! If thisis the first tine called, then initialize all index vari abl es.

if( istp.eq. iratz ) then
ize = 1
izs =1
irps =1
end if
doj =ize, iz
if( curng(j) .gt. rout ) exit
end do
I = max0( 1, j-1)
ize =mno( I, iz)
k =0

! Begin trace.
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doj =izs, ize

a0 = curang(j)

r0O = curng(j)

hO = curht(j)

igrad = igrd(j)

irp = mx0( j, irps )
grd = grad(igrad,irp)

do while ( rO .1t. rout )

if(irp.eqg. iz ) then

rl = rout
el se

rl = dmnl( ffacz(irp+1,2), rout )
end if
al = ap( a0, r1-r0)

hl = hp( hO, al, a0 )
htrx = htr(igrad+1,irp)
if( hl .gt. htrx )then
hl = htrx
rad = radal( a0, hl-h0)
al = dsqrt( rad )

ri rp( r0, al-a0 )
igrad = minO( igrad+l, lvli(irp)-1)
end if
a0 = al
ro=ri1
hO = hl

if( r0 .gt. (ffacz(irp+l,2) - r0*1.e-6) ) irp = mnO(irp+l, ize)
end do
| After trace, all angle, range, and height infornation are stored for

! next call to EXTO Propagation factor and height at current range step
! ROUT are stored in PRFH X(().

curht(j) = ho
curng(j) =r0
curang(j) = a0
igrd(j) = igrad
k =k +1

prfh_xo(k, 1)
prfh_xo(k, 2)
end do

acz(j,1)

ff
ho
irps =ize

k=k + 1
prfh_xo(k,1) = ffrout(istp,1)
prfh_xo(k,2) = ffrout(istp,?2)
nxo = k

! Adjust counter of first starting point for ray tracing if ray has
| already been traced beyond nmaxi mum cal cul ati on hei ght.

do while( curht(izs) .gt. htlim)
izs =izs +1

end do

izs = max0( 1, izs - 1)

I Sort height and propagation factor, such that PRFH XQ(:,2) contains steadily
I increasing height fromPRFH XQ(NXQ,2) to PRFH X(O(1, 2).

if( fter ) then

k =1
do while( k .gt. 0)
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k =0
doj =1, nxo1
if( prfh_xo(j,2) .It. prfh_xo(j+1,2) ) then
hk = prfh_xo(j, 2)
prfh_xo(j,2) = prfh_xo(j+1,2)
prfh_xo(j+1,2) = hk
hk = prfh_xo(j, 1)
prfh_xo(j,1) = prfh_xo(j+1,1)
prfh_xo(j+1,1) = hk
end if
end do
end do
end if

j Xe = nzout

do while( zout(jxe) .gt. prfh_xo(1,2) )
jxe = jxe - 1

end do

hlinm(istp) = zout(jxe)

i X = nxo

! Now begin interpol ati on of propagati on factor at specified out put
I points ZOUT(i).

z1 = prfh_xo(ix,?2)
z2 = prfh_xo(ix-1,2)
pl = prfh_xo(ix,1)
p2 = prfh_xo(ix-1,1)
doj =jxs, jxe

z = zout(j)

do while(( z .gt. z2 ) .and. ( ix .gt. 1))

ix =ix -1
if( ix .gt. 1) then
z1 = z2
pl = p2
z2 = prfh_xo(ix-1,2)
p2 = prfh_xo(ix-1,1)
end if
end do
frac = (z-2z1)/ (22 - z1)
ffac = plint( p1, p2, frac )
rloss(j) = fsl(istp) - ffac
end do

I Conpute troposcatter |oss

if( tropo ) call troposcat( istp, jxs, jxe)

I I'ncl ude gaseous absorption | oss.
rloss(jxs:jxe) =rloss(jxs:jxe) + gasloss

| Store propagation loss and factor in MPFL(,).

mpfl (1,jxs:jxe) = iidnnt( 10. * rloss(jxs:jxe) )
mpfl (2,jxs:jxe) = iidnnt( 10. * ( fsl(istp)-rloss(jxs:jxe) ) )

end subroutine exto

A.5 MODULE APM_MOD

nmodul e apm nod
real ( kind=8 ) pi

parameter ( pi = 3.1415926535897932d0 ) | Sel f-expl anat ory
paraneter ( irtenp = 200 ) ! Number of range steps for use in ray-tracing
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I'to determ ne maxi num PE angl e.

ERRORFLAG

LERR6 = Logical flag that allows for greater flexibility in allow ng error
-6 to be bypassed. If set to .TRUE. then trapping for this error
occurs, otherwise it can be totally ignored by nain driver program
(Wthin the APMprogramit is handled as a warning). |If this
error is bypassed (LERR6 = .FALSE.) terrain profile is extended to
RVAX wi th sanme el evation height of last valid terrain profile point.

LERR12 = Sane as LERR6 - allows for trapping of this error. |f LERRI2 =
.FALSE., then (for range-dependent case) if range of |ast
refractivity profile entered is | ess than RVAX, the environnent
is treated as honbgeneous fromthe |ast profile entered to RVAX

common / errorflag / lerr6, lerrl2
logical ( kind=2 ) lerr6, lerrl2

| NPUTVAR:

HVAX = Maxi mum out put height with respect to ms.l. in neters. |f PEFLAG=. FALSE

then HVAX nust be at |least 100 m

HM N = M ni mum out put height with respect to ms.l. in meters. |f PEFLAG=. FALSE.

then HM N nust be specified such that HVAX-HM N is at |east 100 m
NZQUT = Integer nunber of output height points desired
NROQUT = | nteger nunber of output range points desired
PEFLAG = Logical flag indicating if pure PE nodel will be used.
*CAUTI ON*: Setting this flag overrides nost error checks and limts.
PEFLAG = . TRUE. -> performentire run using only PE nodel
PEFLAG = . FALSE. -> use normal hybrid nodel s as appropriate
RVAX = Maxi mum out put range in neters. |f PEFLAG=. FALSE. then RVAX nust be at
| east 5 km
RMULT = PE range-step multiplier. Miltiplies the internally-conputed PE
range step by the factor RMILT. This nust be specified if
PEFLAG=. TRUE. and a greater or |lower value for the automatically-
cal cul ated range step is desired. Default value is 1.
THVAX = Maxi num cal cul ati on PE propagati on angle in degrees. This nust be
specified if PEFLAG=. TRUE. O herwise this value is ignored.
TROPO = Logical flag indicating if troposcatter calculations are
to be perforned:
TROPO = . FALSE. -> no troposcatter cal cul ations
TROPO = . TRUE. -> performtroposcatter calcul ations

common / inputvar / hmax, hmin, rnax, rmult, thmax, nzout, nrout, peflag, tropo

real ( kind=8 ) hmax, hmn, rmax, rmult, thmax
integer( kind=4 ) nzout, nrout
| ogi cal ( kind=4 ) peflag, tropo

REFRACTI VI TY common bl ock and associ ated i nput vari abl es:

ABSHUM = Absol ute hum dity near the surface in g/ n8.

GAMVAA = Gaseous absorption in dB/ km

HVBL(,) = Dynamically allocated 2-di mensional array of size
(0: LVLP, NPROF) containing heights in neters with respect
to nmean sea |l evel of each profile. Array format nust be
HVBL(1,J) = height of Ith level of Jth profile. J =1
for range-independent cases.

kkkkhkkhkkhkkhkhkhkhkhkhkkkhkhkhkhkhkhhhx*x*x ’\D‘I’E khkkkkkkhkhkhkkhkkhkkhkhkhkhkhkhkhkhkhkkkkkx*

LVLP is t he actual # of height levels occupying 0 to LVLP-1
elements in array HVBL; there will be an extra point
unused on input.

EE R R R R

| EXTRA = Extrapolation flag for refractivity profiles entered i n conbi nati on
with terrain belowms.|.
| EXTRA = 0 -> extrapolate to mnimumterrain height using
standard at nosphere gradient.
|EXTRA = 1 -> extrapolate to ninimumterrain hei ght using
first gradient in profile.
LVLP = Nunber of levels in refractivity profile (for range dependent
case all profiles nmust have same nunber of |evels).
NPROF = Number of profiles - equals 1 for range-i ndependent cases.
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NW = Nunber of wi nd speeds and correspondi ng ranges.

REFMSL(,) = Dynamically allocated 2-dimensional array of size
(0: LVLP, NPROF) containing refractivity with respect to
mean sea |l evel of each profile. Array format nust be
REFMSL(1,J) = Munit value at Ith level of Jth profile.
J = 1 for range-i ndependent cases.

kkkkhkkhkkhkkhhhkhkhkhkkkhkhkhkhkhkhkhhxxx ’\D‘I’E khkkkkkkhkhkhkkhkkhkhkhkhkhkhkhkhkhkhkkkkkx*

LVLP is the actual # of refractivity levels occupying O to
LVLP-1 elenents in array REFMBL; there will be an extra
poi nt unused on i nput.

EE R S R T

RNGPROF() = Ranges of each profile in nmeters, i.e., RNGPROF(l) = range of
Ith profile. RNGPROF(1) should al ways be equal to O.
RNGAW ND() = Ranges in neters, for each wi nd speed specified in WND,
i.e., RNGNND(1) should always be equal to O.
TAIR = Air tenperature near the surface in degrees C
WNDX() = Dynanmically allocated array containing w nd speeds in
nmet ers/ second. Must al so specify correspondi ng ranges in
RNGW ND(). Wnd speeds nust be no greater than 10 nis.

khkkhkhkhkhkhkhkhkhhdhhhhhhhhhkhkhhhhhxkxkxk ’\D‘[—E R R R R R R R R

For Conpaq Visual Fortran Ver. 6.6 Fortran 95 conpil ation using
dynamically allocated arrays, the follow ng source code MUST be in the
main driver (caling) programbefore initialization of the arrays can
can be perforned:

I F( ALLOCATED( HVBL ) ) DEALLOCATE( HVBL )
ALLOCATE( HVBL(0: LVLP, NPROF) )
HVBL = 0.

| F( ALLOCATED( REFNMSL ) ) DEALLOCATE( REFMBL )
ALLOCATE( REFMBL(0: LVLP, NPROF) )
REFMBL = 0.

| F( ALLOCATED( RNGPROF ) ) DEALLOCATE( RNGPRCF )
ALLOCATE( RNGPROF( NPRCF) )
RNGPROF = 0.

| F( ALLOCATED( RNGA'ND ) ) DEALLOCATE( RNGW ND )
ALLOCATE( RNGW ND( NW )
RNGW ND = 0.

I F( ALLOCATED{ WND ) ) DEALLOCATE( WND )
ALLOCATE( W ND(NW )
WND = 0.

Once the above source code has been inserted in the main (calling)
routine, the arrays can then be initialized with the desired refrac-
tivity profiles for subsequent use by routines APM NI T and APVSTEP.
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common / refractivity / abshum gammaa, tair, iextra, nw, |vlp, nprof

real ( kind=8 ) abshum gamma, tair
integer( kind=4 ) iextra, nw, |vlp, nprof

real ( kind=8 ), allocatable :: hmsl (:,:), refmsl(:,:), rngprof(:), &
rngwi nd(:), wind(:)

public :: hmsl, refmsl, rngprof, rngw nd, w nd

SYSTEWAR:

ANTHT = Transnitting antenna hei ght above | ocal ground in nmeters. M ninmm
antenna height will vary depending on frequency and beamd dth specifi ed.
Absolute mnimumis 1.5 m

BWDTH = Hal f- power (3 dB) antenna pattern vertical beanwi dth in degrees
(.5 to 45.)

ELEV = Antenna pattern elevation angle in degrees. (-10 to 10)

FREQ = Frequency in Miz. 100 Mz <= FREQ <= 20 G

HFANG) = Dynamically allocated array of power cut-back angles (IPAT=6) or
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angl es corresponding to antenna pattern factors (I PAT=7). Angles

nmust be specified in degrees. Angles nust be specified in
increasing order froml owest to highest.
This is only used for antenna type 6 and 7.

HFFAC() = Dynam cally allocated array of power cut-back factors (I|PAT=6)
or antenna pattern factors (I PAT=7). This is only used for
antenna type 6 and 7.

| PAT = Integer value indicating type of antenna pattern desired

| PAT = 1 -> omi

| PAT = 2 -> gaussian

IPAT = 3 -> sinc x

| PAT = 4 -> csc**2 X

| PAT = 5 -> generic height-finder

| PAT = 6 -> user-defined hei ght-finder (must specify power
reduction factors and correspondi ng angles in arrays
HFFAC(), HFANG) )

| PAT = 7 -> user-defined antenna pattern (nust specify antenna

pattern factors and correspondi ng angles in arrays
HFFAC(), HFANGE) )

i nteger indicating polarization.

=0 -> horizontal

NFACS = Nunber of user-defined cut-back angles and cut -back antenna
pattern factors for user-defined height-finder antenna type.
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For Conpaq Visual Fortran Ver. 6.6 Fortran 95 conpilation using
dynamically allocated arrays, the foll owi ng source code MIST be in the
mai n driver (calling) programbefore initialization of the arrays can
can be perforned:

| F( ALLOCATED( HFANG ) ) DEALLOCATE( HFANG )
ALLOCATE( HFANG( NFACS) )
HFANG = 0.

| F( ALLOCATED( HFFAC ) ) DEALLOCATE( HFFAC )
ALLOCATE( HFFAC( NFACS) )
HFFAC = 0.

Once the above source code has been inserted in the main (calling)
routine, the arrays can then be initialized with the desired cut-back
angl es and factors for subsequent use by routines APM NI T and APMSTEP.

R R R R R T S S S R R R R R R R R R R R R S R R

common / systenvar / antht, bwidth, elev, freq, ipat, ipol, nfacs

real ( kind=8 ) antht, bwidth, elev, freq
integer( kind=4 ) ipat, ipol, nfacs

real ( kind=8 ), allocatable :: hfang(:), hffac(:)
public :: hfang, hffac

TERRAI N common bl ock and associ ated i nput vari abl es:
DI ELEC(,) = Dynamically allocated 2-di nensional array of size (2,I&R
containing the relative permttivity and conductivity;
DI ELEC(1,i) and DIELEC(2,i), respectively. Only needs to be
specified if using IGRND(i) = 7, otherwise, APMw ||
cal cul ate based on frequency and ground types 0-6.
I GR = nunber of different ground types specified
IGRND() = Dynamically allocated integer array of size |IGR containing
ground type conposition for given terrain profile - can
vary with range. Different ground types are:
= sea water
fresh water
wet ground
medi um dry ground
very dry ground
ice at -1 degree C
ice at -10 degree C
user defined (in which case, values of relative
permttivity and conductivity in S/'mnust be given).

NOU A WNRO
TR R [T R R T
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I TP = nunber of height/range pairs in profile

RGRND() = Dynamically allocated array of size (I1GR) containing ranges,
in m at which the ground types apply.

TERX() = Dynamically allocated array of size (ITP) containing range
points of terrain profile in neters.

TERY() = Dynamically allocated array of size (ITP) containing hei ght
points of terrain profile in neters.
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For Conpaq Visual Fortran Ver. 6.6 Fortran 95 conpilation using
dynamically allocated arrays, the follow ng source code MUST be in the
mai n driver (calling) programbefore initialization of the arrays can
can be perforned:

| F( ALLOCATED( DI ELEC ) ) DEALLOCATE( Di ELEC )
ALLOCATE( DI ELEX(2, IGR) )
Dl ELEC = 0.

| F( ALLOCATED( | GRND ) ) DEALLOCATE( | GRND )
ALLOCATE( | GRND(I GR) )
I GRND = 0.

| F( ALLOCATED{ RGRND ) ) DEALLOCATE( RGRAD )
ALLOCATE( RGRND(I GR) )
RGRN\D = 0.

I F( ALLOCATED( TERX ) ) DEALLOCATE( TERX )
ALLOCATE( TERX(ITP) )
TERX = 0.

| F( ALLOCATED( TERY ) ) DEALLOCATE( TERY )

ALLOCATE( TERY(ITP) )

TERY = 0.

Once the above source code has been inserted in the main (calling)

routine, the arrays can then be initialized with the desired terrain
i nformation for subsequent use by routines APM NI T and APVSTEP.
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common / terrain/ igr, itp

integer( kind=4 ) igr, itp

real (kind=8), allocatable :: dielec(:,:), rgrnd(:), terx(:), tery(:)
integer, allocatable :: igrnd(:)

public :: dielec, igrnd, rgrnd, terx, tery
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Common Bl ock APM VAR

AATZ = Local propagation angle in radians at height ZLI M and range RATZ

(used for hybrid nodes).
ACRIT = Oritical angle (angl e above which no rays are trapped)
in radians.
ACUT = Tangent angle in radians fromantenna height to horizon range.
AEK = Mean earth radius times the effective earth radius factor EK
AFAC = Constant used in determning antenna pattern factors
AFAC = 1.39157 / sin( bw/ 2 ) for SINX)/X and hei ght -fi nder
AFAC = (.5*In(2))/(sin(bw 2))**2 for GAUSSI AN
ALAUNCH = Launch angl e used, in radi ans, which, when traced, separates
PE & XO regi ons from RO region
ALPHAD = Direct ray elevation angle in radians
ALPHAQ = Conpl ex surface inpedance.
ANTREF = Transmitting antenna height relative to the reference
hei ght HM NTER
BW= Antenna pattern beamwi dth in radi ans.
ClX = Constant dependent on each new cal cul ated RT - used to
cal cul ate CK1 at next range step.
C2X = Constant dependent on each new cal cul ated RT - used to
cal cul ate CK2 at next range step.
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CK1 Coefficients used in old central difference DMFT cal cul ati ons.
CK2 Coefficients used in old central difference DMFT cal cul ati ons.
COWT = Coefficient used in backward difference DMFT cal cul ati ons.
CMFT_X = Constant dependent on each new cal cul ated RT - used to

cal cul ate OWFT at next range step.

CON = 1.e-6 * FKO Constant used in cal culation of ENVPR().

DELP = Mesh size in angle- (or p-) space.

DELXRO = RO range increnent in neters

DELZ = Bin width in z-space = W. / (2*si n( THETAVAX) )

DMAGSQ,) = direct-ray magni tude squared - used in RO cal cul ati ons.

DR = PE range step in neters

DR2 = 1/2 PE range step in neters

DRGRZ = Range step in nmeters used in estimating grazing angl es.

DROUT = Qutput range step in neters

DTHETA = Angle bin width (i.e., increnental sine(theta))

Dz2 = 2. * DELZ

DZQUT = Qutput height increment in neters

EK = Effective earth radius factor.

ELV = Antenna pattern el evation angle in radi ans

FKO = Free-space wavenunber = (2*pi) / W

FKQ2 = 2. * FKO

FNORM = Nornal i zation factor used for DFT.

FTER = logical flag - .TRUE. = terrain case, .FALSE. = over-water case

GASATT = CGaseous absorption in dB/m

GASLOSS = Gaseous absorption loss in dB.

HM NTER = M ni mum hei ght of terrain profile in neters. This will be
used to adjust entire terrain profile so all internal
calculations will be referenced to this height.

HVREF = Height relative to HVM NTER  Determi ned from user-provi ded

m ni mum height HM N That is, if HM N is nininum hei ght input

by user with respect to mean sea level, and HM NTER i s

internally considered the new origin, then HVREF = HM N - HM NTER
HTEMP() = Heights at which ray is traced to every range point RTEMP(i)
HTLI M = User -suppl i ed nmaxi num hei ght relative to HM NTER, i.e.,

HTLI M = HVAX - HM NTER

HTYDI F = Height difference between internal maxi mum hei ght, HILIM

and initial ground height at the source, YFREF.

| ALG = I ndex indicating which DWT algorithmis being used:

0 = no DWFT bei ng used
1 = old central difference algorithm
2 = backward difference al gorithm
I AP = Index indicating when |local ray angl e becones positive in array
RAYA() .

| G = Counter indicating current ground type bei ng nodel ed.

| GPE = Number of grazing angles conputed from spectral estination.

| GRZ = Nunber of grazing angles conmputed fromray trace and total # of
grazi ng angl es.

| HW = Qut put range step index where maxi num hei ght HTLIMis reached in
array HLIM).

| HYBRI D = I nteger indicating which sub-nodels will be used:

0 = airborne hybrid (FE+PE) nodel
1 = full hybrid (FE+RO+PE+XO) nodel
2 = PE + XO nodel

IO = Starting index for MPFL array:

10=0 -> 1st calculated point is at surface (0.0 height)
10=1 -> 1st calculated point is at hei ght DZOUT
| PE = Nunber of PE range steps.
| RATZ = I ndex of output range step at which ZLIMis reached (for
hybrid nmodel only). Indicates at what range step begin
storing propagation factor and outgoing angle for XO region.
Next index for RO solution (0 or 1)
Previous index for RO solution (-1, 0, or 1)

| RON

| ROP

IS = Counter for current profile (for range-dependent cases)

ISM2 = 1/ 2 of data variable ISM

| START= RO height index at transmtter.

| START1 = Refractivity level index within HTDUM) at transmtter.

| TPA = Nunber of terrain points used internally in arrays TX() and TY().

I XO = Nunber of range steps in XO cal cul ati on region.

|Z = Counter for points stored in FFACZ(,) array.

| ZG = Qutput height integer index indicating the |ast height representing
terrain.
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I ZINC = Integer increment for storing points at top of PE region to

start XOnodel. 1.e., points are stored at every |ZI NC range
st ep.
I ZMAX = Maxi mum # of points allocated for arrays associated with XO cal cs.
JT2 = Index counter for TYH() array indicating where range is at each terrain
inflection, i.e., "range at TYH(JT2-1)" < ROUT < "range at TYH(JT2)".

JZLIM = PE bin # corresponding to ZLIM i.e., ZLIM= JZL| MrDELZ.
KMAX = Maxi mum K- i ndex at XROP and XRON
KM NN = M ni mum K-i ndex at XRON
KM NP = M ni mum K-i ndex at XRCP
KTRL = Nunber of increasing tangent angl es and ranges determ ned from
source height over terrain path profile.
LDUCT = Logical flag indicating if surface-based duct profile has been specified:
.FALSE. = no duct

.TRUE. = duct
LEVAP = Logical flag indicating if evaporation duct refractivity profile has been
speci fi ed:
.FALSE. = no evaporation duct

.TRUE. = evaporation duct
LEVELS = nunber of levels defined in ZRT(), Q), and GR() arrays
LN = Power of 2 transformsize, i.e. N = 2**LN
LNM N = M ni num power of 2 transformsize.
LNP = Power of 2 transformsize used in spectral estimation calcs.
LVLEP = Nunber of height/refractivity levels in profile REFDUM ), HTDUW )
taken w.r.t. reference hei ght HV NTER
N = Transform si ze
N34 = 3/4 * N
NF4 = N/ 4
NLVL = Number of height/refractivity levels in profile REFREF(), HREF()
taken w.r.t. local ground height at mddl e of range step, YCURM
NML = N-1
NOPE = Integer flag indicating if PE cal cs are needed:
0 = PE cal cs are needed.
1 = PE cal cs are not needed.
NP34 = 3/4 * NPNTS
NP4 = NPNTS / 4
NPNTS = Nunber of points used in top part of PE region for spectral
estimation.
NS = Transformsize used in spectral estimation calcs = 2**LNP
NSML = NS - 1
OMEGA(, ) = Phase angle between direct & reflected rays in radians - used in RO
cal cul ations.
PELEV = Sine of elevation angle
PLCNST = Constant used in determ ning propagation |oss
PLCNST = 20l og( 2*FKO) .
PSILIM = Gazing angle of limting ray in radians
Q FKO = Imaginary i * FKO
RLT = Constant used in troposcatter calcs. = RF*ANTREF
RATZ = Range at which ZLIMis reached (used for hybrid nodel).
RAYA() = Array containing all local angles of traced ray ALAUNCH at
each out put range.
RF = Constant used in troposcatter calcs. = 4*Pl *FREQ speed of |ight (x10e6)
RHOR = Radar horizon range in neters for O receiver height.
RK = Constant used in central difference DWT.
RLOG = 10. * al ogl0( PE range )
RLOG.ST = RLOG of previous range step (i.e., 10*al oglO(PE range-DR) )
RVAGSQ(,) = Reflected-ray magnitude squared - used in RO cal cul ati ons
RMIX = Munit value * 1.e-6 at transnitter
RPEST = Range in neters at which | oss values fromthe PE nodel wll
start being cal cul at ed.
RT = Conpl ex root for mixed transformmethod based on Kuttler's formulation.
RTEMP() = Range steps for tracing to determ ne maxi num PE angl e.
RUF = Logical flag indicating if perform ng a rough sea surface
cal cul ati on:
.FALSE. = snooth sea surface; 0 wi nd speed
.TRUE. = rough sea surface; use wind speeds specified in array WND)
RUF_FAC = Factor used for wave hei ght cal cul ation.
RUF_HT = Sea surface wave height.
RV2 = Range of the next refractivity profile (for range-dependent cases)
SBW = Si ne of the beamni dth.
SNREF_TX = Surface refractivity at source.
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TERANG = Qurrent nmaxi mum angl e nade by tangent line fromtransmtting
antenna height to all terrain elevation points up to the
current output range. (Used only for |HYBRI D=0)

THETALS = Tangent angle from source for snooth surface.

THETA75 = 75% of maxi num propagation angl e in PE cal cul ati ons.

TLSTWR = Troposcatter loss termfor snmooth surface (non-terrain), before
addition of surface refractivity term

TWXA = Twice the effective earth's radius factor times the effective

earth radius. The effective earth's radius factor is cal cul a
ted based on a ray trace at 5 degrees fromthe origin to HILIM
for IHYBRID=1 and fromthe antenna height to HTLIM for |HYBRI D
=0. This is used for routine FEM

TWXKA DOM = Twice the effective earth's radius factor tines the

effective earth radius. The effective earth's radius factor
is calculated based on a ray trace at -5 degrees fromthe
antenna to the surface. This is used for routine Al RBORNE.

UMAX = limting angle used in cut-off point for SIN(X)/X and

generic height-finder antenna pattern factors

W. = Wavel ength in neters.

XLIMRO = range of limting ray in neters

XOCON = Constant used in determ ning outgoing propagation angle

for XOcalcs -> W / (2*NS*DELZ).

XRON = next range for RO solution in neters
XROP = previous range for RO solution in nmeters
YCUR = hei ght of ground at the current range step

YCURM = hei ght of ground m dway between | ast and current range step.
For use when shifting profiles to be relative to the |oca ground
hei ght .

YFREF = Ground el evati on height at source.

YLAST = height of ground at the |l ast range step

ZLIM = Maxi muminternal height (HTLIM or .75*ZMAX, whichever is snaller.
ZMAX = Maxi mum hei ght of PE cal cul ati on domain = N * DELZ
ZTOL = height tolerance for Newon's nmethod in neters

common / apmuvar / htenmp(irtenp), raya(irtenp), rtenp(irtenp), dnagsq(O:1,0:88), &
onega(0: 1, 0:88), rmagsq(0:1,0:88), alphag, clx, c2x, ckl, ck2, &

cnft, cnft_x, gifko, rk, rt, aatz, acrit, acut, aek, afac, &

al aunch, alinv, alphad, antref, bw, con, delp, delxRO delz, &
dr, dr2, drgrz, drout, dtheta, dz2, dzout, ek, elv, fko, fko2, &
fnorm gasatt, gasloss, hmnter, hnref, htlim htydif, pelev, &
pi2, plenst, psilim rlt, ratz, rf, rhor, rlog, rloglst, rnmx, &
rpest, ruf_fac, ruf_ht, rv2, sbw, snref_tx, terang, thetals, &
theta75, tlstw, twoka, twoka_down, umax, umax3, W, xlinmRO &
xocon, xROn, xRQp, ycur, ycurm yfref, ylast, zlim zmax, ztol, &
ialg, iap, ig, igpe, igrz, ihmk, ihybrid, io, ipe, iratz, iROn, &
iROp, is, isnR, istart, istartl, itpa, ixo, iz, izg, izinc, &
izmax, jt2, jzlim kmax, kminn, kmnp, ktrl, levels, In, Inmn, &
Inp, Ivlep, n, n34, nf4, nlvl, nnml, nope, np34, np4, npnts, ns, &

nsnml, fter, |duct, |evap, ruf

real ( kind=8 ) htenp, raya, rtenp, dmagsq, onega, rnagsq, aatz, acrit, acut, aek, &

afac, alaunch, alinv, alphad, antref, bw, con, delp, del xRO delz, &

dr, dr2, drgrz, drout, dtheta dz2, dzout, ek, elv, fko, fko2, &
fnorm gasatt, gasloss, hmnter, hnref, htlim htydif, pelev, pi2, &
plcnst, psilim rit, ratz, rf, rhor, rlog, rloglst, rntx, rpest, &
ruf _fac, ruf_ht, rv2, sbw, snref_tx, terang, thetals, theta75, &
tlstw, twoka, twoka_down, umax, umax3, w, xlinRO xocon, xROn, &
xRQp, ycur, ycurm yfref, ylast, zlim zmax, ztol
integer( kind=4 ) ialg, iap, ig, igpe, igrz, ihnk, ihybrid, io, ipe, iratz, i &

izmax, jt2, jzlim kmax, kmnn, kmnp, ktrl, levels, In,
Inmin, Inp, Ivlep, n, n34, nf4, nlvl, nml, nope, np34, np4,
npnts, ns, nsnil

ROn,
iROp, is, isnk, istart, istartl, itpa, ixo, iz, izg, izinc, &
&
&

conmpl ex( kind=8 ) al phaq, clx, c2x, ckl1, ck2, cnft, cnft_x, qifko, rk, rt

logical ( kind=4 ) fter, Iduct, |evap, ruf

| *xkkxxkxxrkxrkxxxx DYNAM CALLY ALLOCATED ARRAYS * * % % % % % & o & k& % % ko & % &k % % k& %
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ADI F() = Height array in neters used for troposcatter calcs.
CN2() = Conpl ex dielectric constant.
CURANGE ) = Current local angle for each ray being traced in XO region.
CURHT() = Current |ocal height for each ray being traced in XO region.
CURNGE ) = Current local range for each ray being traced in XO region.
D2S() = Tangent range array in nmeters for all output receiver heights
over snooth surface.
ENVPR() = Conplex array containing refractivity exponential term
i.e. ENVPR() = exp[i * DR * FKO* 1e-6 * Mz) ], where
Mz) is the refractivity at each PE bin height z.
FFACZ(,) = 2-dinensional array containing propagation factor in dB,
range, and propagation angle at ZLIM Used to start XO
cal cul ati ons.
FFACZ(1Z,1) = propagation factor in dB at current PE range
FFACZ(1 Z,2) = current PE range
FFACZ(1Z,3) = propagation angle at current PE range at ZLIM
FFROUT() = Propagation factor in dB at each output range step
beyond RATZ and at height ZLIM
FILT() = Cosine-tapered (Tukey) filter array.
FILTP() = Array filter for spectral estimation calcs.
FRSP() = Conpl ex array containi ng wi de-angl e free-space propagator exponenti al
term i.e., FRSP() = exp[-i * DR* (FKO - sqrt(FKO*2 - p**2)) ]
FSL() = Array containing the free space | oss at every output range.
GR() = 1.E6 * dMdz array used for RO cal cul ati ons
GRAD(,) = 2-dinmensional array containing gradients of each refrac-
tivity profile vs. range fromheight ZLIMto HTLIM
GRAZE() = Array of final interpolated grazing angles determ ned for rough
surface cal cul ations.
GRDUM ) = Array of refractivity gradients defined by profile HTDUM ), REFDUM)
GRZ_PE() = Grazing angl es conputed from spectral estimation.
GRZ_RAY() = Grazing angles conputed fromray trace
HFANGR() = Array of user-defined cut-back angles (I PAT=6) or antenna pattern
factor angles (IPAT=7) in radians. This is
used only for antenna types 6 and 7.
HLIM) = Array containing height at each output range separating the
RO region fromthe PE (at close ranges) and XO (at farther
ranges) regions
HREF() = Heights of refractivity profile with respect to YREF (I ocal
ground height).
HT() = Height array of size N. Heights space every DELZ.
HTDUM) = Height array containing hei ght values for current (interpolated)
profile in neters, relative to HM NTER
HTFE() = Array containing the height at each output range step separa-
ting the flat earth region fromthe RO region.
HTR(,) = 2-dinmensional array containing height |evels of each refrac-
tivity profile vs. range fromheight ZLIMto HILIM
I GRX() I nteger indexes indicating at what gradient in GRAD(,) to
begin raytracing for next XO range step for each ray in XO
regi on.
LVL() = Nunber of refractivity levels in current refractivity profile
fromZLIMto HTLIM
PRFH XQ(,) = Propagation factor and height for each ray traced in XO region
at range ROUT.
PROFI NT() = Munit profile interpolated to every DELZ in height
Q) =2 * [RMi+1)-RMi)] array used for RO cal cul ations
RDT() = Mnimumrange array (in neters) at which diffraction field
sol utions are applicable and internediate regi on ends (for
snmooth surface) for all output receiver heights.
REFDUM') = Dummy array containing Munit values for current (interpolated)
profile taken relative to HM NTER
REFREF() = Refractivity array wr.t. YREF (local ground height).
RFAC1() = Propagation factor at valid output height points conputed
fromPE field at previous PE range, i.e., ULST().
RFAC2() = Propagation factor at valid output height points conputed
fromPE field at current PE range, i.e., U).
RLOG() = Array of logarithmof output ranges, i.e., RLOGi) =
20. * ALOGLO(i *DRQUT).
RLOCSS() = Propagation loss in dB.
RM) = 1.E6 * Marray used for RO cal cul ations.
RN() = Array of RT to the i'th power, i.e. RN(I) = RT**|
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RNGOUT() = Array containing all output ranges in neters.
RSQRD() = Doubl e precision array containing the square of output ranges
SLP() = Slope of each segnment of terrain.
SPECTR() = Field anplitude of spectral portion of PE field in dB.
TH1() = Tangent angl es fromsource height w terrain path profile.
THETAO() = Angle array - angles used in determ ning common vol une
scattering angle.
THETA2S() = Tangent angle array fromall output receiver heights for
snmoot h surface.
TX() = Range points of terrain profile in neters.
TY() = Adjusted height points of terrain profile in neters.
TYH() = Adjusted height points of terrain profile at every PE range step.
) = Conplex array containing PE field sol ution.
UDUM) = Dummy array used for tenporary storage of real or imaginary part
of conplex PE field array ().
ULST() = Conplex array containg PE field solution at previous range step.
W) = Difference equation of conplex PE field array. Used in
intermedi ate cal culations only for vertical polarization.

XP() = Real part of spectral portion of PE field.

YM) = Field fromrecursion equation for central difference DWT.
YP() = Imaginary part of spectral portion of PE field.

ZQUT() = Array containing all output heights in neters referenced to

HM NTER
ZOQUTMA() = Array contai ning output heights in neters relative to the
ant enna hei ght above ground at 0 range. Used in FE nodel .
ZOUTPA() = Array containing output heights in neters relative to the
i mage antenna hei ght bel ow ground at 0 range. Used in FE
nmodel .
ZRQ() Qut put height array in neters referenced to ground el evati on
hei ght at source. Used for RO cal cul ati ons.
ZRT() = Height array used for RO calculations in neters

conpl ex(kind=8), allocatable :: cn2(:), envpr(:), frsp(:), rn(:), u(:), &
ulst(:), w:), yn(:)
public :: cn2, envpr, frsp, rn, u, ulst, w, ym
i nteger (kind=4), allocatable :: igrd(:), Ivl(:)
public :: igrd, Ivl
real (kind=8), allocatable :: adif(:), curang(:), curht(:), curng(:), d2s(:), &
ffacz(:,:), ffrout(:,:), filt(:), filtp(:), fsl(:), &
gr(:), grad(:,:), graze(:), grdum(:), grz_pe(:), &
grz_ray(:,:), hfangr(:), hlin(:), href(:), ht(:), &
htdun(:), htfe(:), htr(:,:), prfh_xo(:,:), &
profint(:), q(:), rdt(:), refdum(:), refref(:), &
rfacl(:), rfac2(:), rlogo(:), rloss(:), rm(:), &
rngout (:), rsqgrd(:), slp(:), spectr(:), thl(:), &
thetaO(:), theta2s(:), tx(:), ty(:), tyh(:), udun(:), &
xp(:), yp(:), zout(:), zoutma(:), zoutpa(:), zro(:), &
zrt(:)
public :: adif, curang, curht, curng, d2s, ffacz, ffrout, filt, filtp, fsl, &
gr, grad, graze, grdum grz_pe, grz_ray, hfangr, hlim href, ht, &
htdum htfe, htr, prfh_xo, profint, q, rdt, refdum refref, rfacl, &
rfac2, rlogo, rloss, rm rngout, rsqrd, slp, spectr, thl, theta0, &

theta2s, tx, ty, tyh, udum xp, yp, zout, zoutmm, zoutpa, zro, zrt
! Data constants

integer( kind=4 ) icn, ism isn

integer( kind=2 ) interrain, inval

real ( kind=8 ) aekst, cO, deg5, degl0, radc, rtst, tanb
conpl ex( kind=8 ) qi

data aekst / 8.4946667d6 / 14/3 tines nean earth radius in m
data c0 / 299.79245 / I'speed of light x 1le-6 nis

data deg5 / 8.72664626d-2 / !5. degrees in radians

data degl0 / .17453292d0 / 110. degrees in radians

data icn, isn/ 0, 1/ !Integer flag indicating type of transform
' ICN =0, Cosine transform
' ISN =1, Sine transform
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data interrain / -999 / I'I'nteger value used to fill output filed value
! array MPFL() indicating output height point
! lies below terrain surface.
data inval / -1000 / I'Integer value used to fill output field value
! array MPFL() indicating invalid propagation |oss
I and factor val ues.

data ism/ 9/ I'# of points to snooth propagation angle
I for preparation of XOSTEP routine.

data gi / (0.dO0, 1.d0) / Il magi nary i

data radc / 1.74533d-2 / Idegree to radian conversion factor

data rtst / 2499. / I'Range set at 2.5 kmto begin cal cul ation

I of RO val ues.
data tan5 / 8.748866353d-2 / ! Tangent of 5 degrees
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1. SCOPE

1.1 IDENTIFICATION

The Advanced Propagation Model (APM) Version 1.3.1 computer software
configuration item (CSCI) calculates range-dependent electromagnetic (EM) system
propagation loss and propagation factor within a heterogeneous atmospheric medium
over variable terrain, where the radio-frequency index of refraction is allowed to vary
both vertically and horizontally. Numerous Naval Integrated Tactical Environmental
Subsystem (NITES) applications require EM-system propagation loss values. The APM
model described by this document may be applied to two such NITES applications, one
which displays propagation loss on a range versus height scale (commonly referred to as a
coverage diagram) and one which displays propagation loss on a propagation loss versus
range/height scale (commonly referred to as a loss diagram).

1.2 DOCUMENT OVERVIEW

This document specifies the test cases and test procedures necessary to perform
qualification testing of the APM CSCI. A discussion of precise input values of each input
variable required to perform the test together with final expected test results is presented.

2. REFERENCE DOCUMENTS

1. Commander-In-Chief, Pacific Fleet Meteorological Requirement (PAC MET) 87-04,
“Range Dependent Electromagnetic Propagation Models.”

2. Naval Oceanographic Office, “Software Documentation Standards and Coding
Requirements for Environmental System Product Development,” April 1990.

3. Naval Command, Control and Ocean Surveillance Center; Research, Development,
Test and Evaluation Division (NRaD), “Terrain Parabolic Equation Model (TPEM)
Computer Software Configuration Item (CSCI) Documents,” TD 2963, May 1997.

4. Naval Command, Control and Ocean Surveillance Center; Research, Development,
Test and Evaluation Division (NRaD), “Radio Physical Optics (RPO) CSCI Software
Documents, RPO Ver. 1.16,” TD 2403 Rev. 1, April 1997.

5. Space and Naval Warfare Systems Center San Diego (SSC San Diego), “Software
Requirements Specification for the Advanced Propagation Model (APM) CSCI
(Version 1.3.1),” in TD 3145. SSC San Diego, San Diego, CA. August 2002.



6. Space and Naval Warfare Systems Center San Diego (SSC SD), “Software Design
Document for the Advanced Propagation Model (APM) CSCI (Version 1.3.1),” in TD
3145. SSC San Diego, San Diego, CA. August 2002.

7. Barrios, A. E., “Terrain Parabolic Equation Model (TPEM) Version 1.5 User’s
Manual,” Naval Command, Control and Ocean Surveillance Center, RDT&E
Division, San Diego, CA, TD 2898, February 1996.

8. Space and Naval Warfare Systems Center San Diego (SSC San Diego), “Software
Design Document for the Advanced Propagation Model (APM) CSCL” in TD 3033.
SSC San Diego, San Diego, CA. August 1998.

3. TEST PREPARATIONS

3.1 HARDWARE PREPARATION

Not applicable

3.2 SOFTWARE PREPARATION

A short driver program, APMMAIN.F90, is provided in Section 7. This program
exercises the main software components, APMINIT CSC, APMSTEP CSC, XOINIT
CSC, and XOSTEP CSC that comprise the APM CSCI. The driver program
demonstrates how to access the APM CSCI and to exercise the test cases listed in the
following sections. It is written to read all necessary input data for the test cases from
files in a specific format. All necessary input information is presented in tabular form in
Section 4.3 and the input files for each test case are listed in Section 8.

One of the main features of APM is the use of dynamic allocation in most of the
arrays used for both numeric calculations and as inputs to the model. Care must be taken
by the NITES CSCI application designer to properly allocate memory and initialize all
variable and array inputs to APM. Ultimately, it is the responsibility of the NITES CSCI
application designer to provide the necessary input in the form required by the APM
CSCL

3.3 OTHER PRETEST PREPARATION

None.



4. TEST DESCRIPTIONS

The test specification for the APM CSCI consists of 36 separate tests that exercise
all subroutines and functions of the CSCI. For ease of testing, each of these 36 tests is
given a name describing which portion of the APM CSCI is being exercised. All 36 tests
and their descriptions are listed in Table 1.

Table 1. Test names and descriptions.

Test Name Description

ABSORB Gaseous absorption attenuation rate is specified.

AIRBORNE Airborne platform for antenna height.

BLOCK The terrain profile consists of a vertical flat-topped block or obstacle in which
the terrain slope is undefined.

COSEC2 Antenna pattern is of cosecant-squared type.

EDUCT The refractivity consists of a 14-meter evaporation duct profile.

EDUCTRF The refractivity consists of a 14-meter evaporation duct in the presence of
rough seas with wind speed of 10 m/s.

FLTAS50 Raised flat land with antenna height of 50 m.

GASABS The surface absolute humidity and surface air temperature are specified in
order to compute a gaseous absorption attenuation rate.

GAUSS Antenna pattern is of Gaussian type.

HIBW Large vertical beamwidth is specified.

HIEL High elevation angle is specified.

HIFREQ High frequency.

HITRAN High transmitter antenna height.

HORZ Horizontal polarization antenna and standard atmosphere.

HTFIND Antenna pattern is of generic height-finder type.

LOBW Small vertical beamwidth is specified.

LOEL Low elevation angle is specified.

LOFREQ Low frequency.

LOTRAN Low transmitter antenna height.

MPRT Mid-path reflection over wedge.

PERW Propagation over rounded wedge using PE model only.

PVT Parabolic valley with short range.

RDLONGB Range-dependent refractivity over a DTED-extracted terrain profile from
Long Beach to Point Mugu, using vertical polarization and generic ground
composition types.

RNGDEP Range-dependent refractivity over smooth earth (over-water case).

SBDUCT 300-meter surface-based duct, over-water case.

SBDUCTRF Exercises rough surface model for surface-based duct case, with wind
speed of 10 m/s.

SINEX Antenna pattern is of Sine(X)/X type.




Table 1. Test names and descriptions. (Continued)

Test Name Description

TROPOS Exercises troposcatter model for smooth surface (over-water case).

TROPOT Exercises troposcatter model for terrain case.

USERDEFA User-defined antenna pattern with explicit power and angle information.

USERHF Antenna pattern is of specific height-finder type, with user-specified cut-back
angles and power factors.

VERT Vertical polarization antenna is specified (short-range over-water case,
standard atmosphere).

VERTMIX Vertical polarization antenna over mixed land-sea terrain path.

VERTSEA Vertical polarization antenna is specified (long-range over-water case,
ducting atmosphere).

VERTUSRD Vertical polarization antenna and user-specified dielectric ground constants.

WEDGE The terrain profile consists of a triangular wedge.

4.1 REQUIREMENTS ADDRESSED

Not applicable.

4.2 PREREQUISITE CONDITIONS

None.

4.3 TEST INPUTS

Although there are actual values for all input parameters listed in the input files in
Section 8, some are ignored depending on the values of certain input parameters. Those
input parameters that are inapplicable depending on the test case are listed as “N/A” in
the tables. Note that for all test cases, the error flags lerr6 and lerri2 are set to “. TRUE.”.
These flags allow for extra error control regarding terrain and refractivity inputs. We
recommend that these error flags always be set to “. TRUE.”. However, we allowed the
capability of the NITES applications designer to bypass these error controls according to
the application.

The external environmental data element requirements are listed in Table 2 for
each test name, with Table 3 through Table 8 providing specific height and M-unit
values. The external EM system data element requirements are listed Table 9.



Table 2. External environmental data element requirements®.

hmsl; refmsl rngprof® | absu,m Lair % rngwind wind
Test Name Table Nprof vip Table (g/m°) (°C (dB/km) Ny (km) (m/s)
ABSORB 3 1 2 0. 0. 0. 146 0 N/A N/A
AIRBORNE 8 1 5 0. 0. 0. 0. 0 N/A N/A
BLOCK 3 1 2 0. 0. 0. 0. 0 N/A N/A
COSEC2 3 1 2 0. 0. 0. 0. 0 N/A N/A
EDUCT 5 1 21 0. 0. 0. 0. 0 N/A N/A
EDUCTRF 5 1 21 0. 0. 0. 0. 1 0. 10.
FLTA50 3 1 2 0. 0. 0. 0. 0 N/A N/A
GASABS 3 1 2 0. 10. 25. 0. 0 N/A N/A
GAUSS 3 1 2 0. 0. 0. 0. 0 N/A N/A
HIBW 3 1 2 0. 0. 0. 0. 0 N/A N/A
HIEL 3 1 2 0. 0. 0. 0. 0 N/A N/A
HIFREQ 3 1 2 0. 0. 0. 0. 0 N/A N/A
HITRAN 3 1 2 0. 0. 0. 0. 0 N/A N/A
HORZ 3 1 2 0. 0. 0. 0. 0 N/A N/A
HTFIND 3 1 2 0. 0. 0. 0. 0 N/A N/A
LOBW 3 1 2 0. 0. 0. 0. 0 N/A N/A
LOEL 3 1 2 0. 0. 0. 0. 0 N/A N/A
LOFREQ 3 1 2 0. 0. 0. 0. 0 N/A N/A
LOTRAN 3 1 2 0. 0. 0. 0. 0 N/A N/A
MPRT 3 1 2 0. 7.5 0. 0. 0 N/A N/A
PERW 3 1 2 0. 7.5 0. 0. 0 N/A N/A
PVT 3 1 2 0. 7.5 0. 0. 0 N/A N/A
RDLONGB 6 2 4 6 0. 0. 0. 0. N/A N/A
RNGDEP 7 2 4 7 0. 0. 0. 0. N/A N/A




Table 2. External environmental data element requirements®. (Continued)

hmsl, refmsl/ rngprof P absuum tir % rngwind wind
Test Name Table Nprof vip Table (g/m°) (°C) | (dB/km) Ny (km) (m/s)
SBDUCT 4 1 4 0. 0. 0. 0. 0. N/A N/A
SBDUCTRF 4 1 4 0. 0. 0. 0. 1. 0. 10.
SINEX 3 1 2 0. 0. 0. 0. 0. N/A N/A
TROPOS 3 1 2 0. 0. 0. 0. 0. N/A N/A
TROPOT 3 1 2 0. 0. 0. 0. 0. N/A N/A
USERDEFA 4 1 4 0. 0. 0. 0. 0. N/A N/A
USERHF 3 1 2 0. 0. 0. 0. 0. N/A N/A
VERT 3 1 2 0. 0. 0. 0. 0. N/A N/A
VERTMIX 3 1 2 0. 0. 0. 0. 0. N/A N/A
VERTSEA 4 1 4 0. 0. 0. 0. 0. N/A N/A
VERTUSRD 3 1 2 0. 0. 0. 0. 0. N/A N/A
WEDGE 3 1 2 0. 0. 0. 0. 0. N/A N/A

®The interpolation flag, iextra, is set to O for all test cases.
*The refractivity profile range is in meters except for cases RDLONGB and RNGDEP.



Table 3.Standard atmosphere with 118-M/km gradient.

i hmsl; 4 refmsl; 4
(meters) (M-unit)

1 0. 350.

2 1000. 468.

Table 4. 300-meter surface based duct atmosphere.

i hmsl; 4 refmsl; 4
(meters) (M-unit)
1 0. 339.0
2 250. 368.5
3 300. 319.0
4 1000. 401.6

Table 5. Atmosphere with 14-meter evaporation duct.

i hmsl; 4 refmsl; 4

(meters) (M-unit)
1 0.000 339.00
2 0.040 335.10
3 0.100 333.66
4 0.200 332.60
5 0.398 331.54
6 0.794 330.51
7 1.585 329.53
8 4.362 328.65
9 6.310 327.96
10 12.589 327.68
11 14.000 327.67
12 25.119 328.13
13 39.811 329.25
14 50.119 330.18
15 63.096 331.44
16 79.433 334.32
17 100.000 335.33
18 125.893 338.20
19 158.489 341.92
20 199.526 346.69
21 209.526 347.87




Table 6. Range-dependent atmosphere, standard atmosphere to surface-based duct.

Standard Atmosphere Surface-based Duct
rngprof; = 0 km rngprof, = 100 km

i hmsl; 4 refmsl; 4 hmsl;, refmsl;,

(meters) (M-unit) (meters) (M-unit)
1 0. 350. 0. 339.0
2 0. 350. 250. 368.5
3 0. 350. 300. 319.0
4 1000. 468. 1000. 401.6

Table 7. Range-dependent atmosphere, surface-based duct to high elevated duct.

Surface-based Duct
rngprof; = 0. km

High Elevated Duct
rngprof, = 250. km

i hmsl; 4 refmsl ;4 hmsl ;5 refmsl ;,

meters M-unit meters M-unit
1 0. 330. 0. 330.
2 100. 342.5 600. 405.
3 230. 312.5 730. 375.
4 2000. 517.8 2000. 522.3

Table 8. Elevated duct.
i hmsl; 4 refmsl; 4
(meters) (M-unit)

1 0. 209.2

2 1100. 339.0

3 1500. 386.2

4 1625. 361.5

5 2100. 417.5




Table 9. External EM system data element requirements.

fMHz antp ipat ipol How Ho hfang

Test Name (MHz) (meters) | notea | noteb | (deg) (deg) Niacs (deg) hffac
ABSORB 20000. 25. 1 0 N/A N/A 0 N/A N/A
AIRBORNE 900. 2500. 1 0 N/A N/A 0 N/A N/A
BLOCK 1000. 25. 1 0 N/A N/A 0 N/A N/A
COSEC2 1000. 25. 4 0 1. 0. 0 N/A N/A
EDUCT 10000. 15. 2 0 5. 0. 0 N/A N/A
EDUCTRF 10000. 15. 2 0 5 0. 0 N/A N/A
FLTA50 1000. 50. 1 1 N/A N/A 0 N/A N/A
GASABS 20000. 25. 1 0 N/A N/A 0 N/A N/A
GAUSS 1000. 25. 2 0 1. 0. 0 N/A N/A
HIBW 1000. 25. 2 0 45. 0. 0 N/A N/A
HIEL 1000. 25 2 0 1. 10. 0 N/A N/A
HIFREQ 20000. 25. 1 0 N/A N/A 0 N/A N/A
HITRAN 1000. 100. 1 0 N/A N/A 0 N/A N/A
HORZ 1000. 25. 1 0 N/A N/A 0 N/A N/A
HTFIND 1000. 25. 5 0 2. 0. 0 N/A N/A
LOBW 1000. 25. 2 0 5 0. 0 N/A N/A
LOEL 1000. 25. 2 0 1. -10. 0 N/A N/A
LOFREQ 100. 25. 1 0 N/A N/A 0 N/A N/A
LOTRAN 1000. 1. 1 0 N/A N/A 0 N/A N/A
MPRT 300. 800. 2 1 5 -2.5 0 N/A N/A
PERW 300 10. 1 1 N/A N/A 0 N/A N/A
PVT 500. 10. 1 1 N/A N/A 0 N/A N/A
RDLONGB 150. 100. 1 0 N/A N/A 0 N/A N/A
RNGDEP 3000. 25. 1 0 N/A N/A 0 N/A N/A
SBDUCT 3000. 25. 2 0 5. 0. 0 N/A N/A
SBDUCTRF 3000. 25. 2 1 5. 0. 0 N/A N/A
SINEX 1000. 25. 3 0 1. 0. 0 N/A N/A
TROPOS 100. 25. 1 0 N/A N/A 0 N/A N/A
TROPOT 100. 25. 1 0 N/A N/A 0 N/A N/A
USERDEFA 900. 6. 7 0 N/A 2. 54 | Table 10 | Table 10
USERHF 1000. 25. 6 0 1. 0. 10 | Table 11 | Table 11
VERT 1000. 25. 1 1 N/A N/A 0 N/A N/A
VERTMIX 100. 10. 1 1 N/A N/A 0 N/A N/A
VERTSEA 100. 25. 1 1 N/A N/A 0 N/A N/A
VERTUSRD 100. 10. 1 1 N/A N/A 0 N/A N/A
WEDGE 1000. 25. 1 0 N/A N/A 0 N/A N/A

“Antenna Pattern:1=Omni-directional; 2=Gaussian; 3=Sine(X)/X; 4=Cosecant-squared;
5=Generic height-finder; 6=User-specified height finder, 7=User-defined

®Polarization: O=Horizontal; 1=Vertical

antenna pattern.



Table 10. Height-finder angles and factors for case USERDEFA.

hfang;
i (deg) hffac;
1 -17 .017
2 -16 .044
3 -15 .080
4 -14 126
5 -13 182
6 -12 .245
7 -11 .316
8 -10 .389
9 -9 479
10 -8 .556
11 -7 .631
12 -6 .716
13 -5 .785
14 -4 .861
15 -3 912
16 -2 .966
17 -1 .998
18 0 1.00
19 1 1.00
20 2 .966
21 3 .902
22 4 .822
23 5 742
24 6 .646
25 7 .569
26 8 501
27 9 452
28 10 422
29 11 402
30 12 .389
31 13 375
32 14 .359
33 15 .339
34 16 .305
35 17 276
36 18 .245
37 19 221
38 20 210
39 21 199
40 22 190
41 23 .180
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Table 10. Antenna pattern angles and factors for case USERDEFA. (Continued)

hfang;

i (deg) hffac;
42 24 .164
43 25 148
44 26 130
45 27 110
46 28 .095
47 29 .077
48 30 .070
49 31 .065
50 32 .058
51 33 .050
52 34 .039
53 35 .031
54 36 .025

Table 11. Height-finder angles and factors for case USERHF.

hfang;
i (deg) hffac;
1 1.0 0.9
2 1.5 0.8
3 2.0 0.7
4 2.5 0.6
5 3.0 0.5
6 3.5 0.4
7 4.0 0.3
8 4.5 0.2
9 5.0 0.1
10 5.5 0.0

The external implementation data element requirements that must be specified for
each test are listed in Table 12.
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Table 12. External implementation data element requirements °.

Test Name (mZTgrs) (m’;ntq;xrs) Nowt | Nyout | PErag” (Lméx) Tt (tggg; Tropo
ABSORB 0. 200. 1 20 F 50. N/A N/A F
AIRBORNE 0. 5000. 1 20 F 250. N/A N/A F
BLOCK 0. 400. 1 20 F 60. N/A N/A F
COSEC2 0. 2000. 1 20 F 50. N/A N/A F
EDUCT 0. 200. 1 20 F 50. N/A N/A F
EDUCTRF 0. 200. 1 20 F 100. N/A N/A F
FLTA50 0. 100. 1 20 F 50. N/A N/A F
GASABS 0. 200. 1 20 F 50. N/A N/A F
GAUSS 0. 2000. 1 20 F 50. N/A N/A F
HIBW 0. 2000. 1 20 F 50. N/A N/A F
HIEL 0. 20,000. 1 20 F 50. N/A N/A F
HIFREQ 0. 200. 1 20 F 50. N/A N/A F
HITRAN 0. 1000. 1 20 F 50. N/A N/A F
HORZ 0. 2000. 1 20 F 50. N/A N/A F
HTFIND 0. 2000. 1 20 F 50. N/A N/A F
LOBW 0. 2000. 1 20 F 50. N/A N/A F
LOEL 0. 20,000. 1 20 F 50. N/A N/A F
LOFREQ 0. 5000. 1 20 F 50. N/A N/A F
LOTRAN 0. 10,000. 1 20 F 50. N/A N/A F
MPRT 0. 1100. 30 1 F 60. N/A N/A F
PERW 0. 1000. 20 1 T 50. 1. 10. F
PVT 0. 2000. 1 20 F 10. N/A N/A F
RDLONGB 0. 1000. 1 20 F 100. N/A N/A F
RNGDEP 0. 2000. 1 20 F 250. N/A N/A F
SBDUCT 0. 5000. 1 20 F 200. N/A N/A F
SBDUCTRF 0. 1000. 1 20 F 200. N/A N/A F
SINEX 0. 2000. 1 20 F 50. N/A N/A F
TROPOS 0. 2000. 1 20 F 200. N/A N/A T
TROPOT 0. 2000. 1 20 F 200. N/A N/A T
USERDEFA 0. 3000. 1 20 F 300. N/A N/A F
USERHF 0. 2000. 1 20 F 50. N/A N/A F
VERT 0. 2000. 1 20 F 50. N/A N/A F
VERTMIX 0. 1000. 1 20 F 50. N/A N/A F
VERTSEA 0. 1000. 1 20 F 300. N/A N/A F
VERTUSRD 0. 1000. 1 20 F 50. N/A N/A F
WEDGE 0. 1000. 1 20 F 100. N/A N/A F
*Logical flags lerr6 and lerr12 are *.true.’ for all cases.

*T =true.’; ‘F = ‘false.
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The external terrain data element requirements are listed in Table 13. Terrain
profiles used for specific test cases are listed in Table 14 through Table 23.

Table 13. External terrain data element requirements.

terx, tery rgrd dielec
Test Name Table iy lgr igrnd (km) (&0)°
ABSORB N/A N/A N/A N/A N/A N/A
BLOCK Table 14 6 1 7 0. (7.5, .01)
COSEC2 N/A N/A N/A N/A N/A N/A
EDUCT N/A N/A N/A N/A N/A N/A
EDUCTRF N/A N/A N/A N/A N/A N/A
FLTA50 Table 15 2 1 7 0. (7.0, .01)
GASABS N/A N/A N/A N/A N/A N/A
GAUSS N/A N/A N/A N/A N/A N/A
HIBW N/A N/A N/A N/A N/A N/A
HIEL N/A N/A N/A N/A N/A N/A
HIFREQ N/A N/A N/A N/A N/A N/A
HITRAN N/A N/A N/A N/A N/A N/A
HORZz N/A N/A N/A N/A N/A N/A
HTFIND N/A N/A N/A N/A N/A N/A
LOBW N/A N/A N/A N/A N/A N/A
LOEL N/A N/A N/A N/A N/A N/A
LOFREQ N/A N/A N/A N/A N/A N/A
LOTRAN N/A N/A N/A N/A N/A N/A
MPRT Table 16 5 1 7 0. (7.5,0.1)
PERW Table 17 11 1 7 0. (7.5,0.1)
PVT Table 18 17 1 7 0. (7.5,0.1)
RDLONGB Table 19 167 6 Table 20 | Table 20 N/A
RNGDEP N/A N/A N/A N/A N/A N/A
SBDUCT N/A N/A N/A N/A N/A N/A
SBDUCTRF N/A N/A N/A N/A N/A N/A
SINEX N/A N/A N/A N/A N/A N/A
TROPOS N/A N/A N/A N/A N/A N/A
TROPOT Table 19 167 6 Table 20 | Table 20 N/A
USERHF N/A N/A N/A N/A N/A N/A
VERT N/A N/A 1 0 0. N/A
VERTMIX Table 21 2 2 Table 21 Table 21 N/A
VERTSEA N/A N/A N/A N/A N/A N/A
VERTUSRD Table 22 2 1 7 0. (3., 6e-4)
WEDGE Table 23 5 1 0 0. N/A

% g = relative permittivity; o = conductivity (S/m)
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Table 14. Terrain profile for test case BLOCK.

terx; tery;
i (km) (meters)
1 0. 1.
2 10. 1.
3 10. 200.
4 40. 200.
5 40. 1
6 60. 1

Table 15. Terrain profile for test case FLTAS5O.

terx; tery;
i (km) (meters)
1 0. 10.
2 50. 10.

Table 16. Terrain profile for test case MPRT.

terx; tery;
i (km) (meters)
1 0. 0.
2 10. 0.
3 30. 600.
4 50. 0.
5 60. 0.

Table 17. Terrain profile for test case PERW.

terx; tery;
i (km) (meters)
1 0. 0.
2 18.75 0.
3 20.312 210.
4 21.875 320.
5 23.4375 375.
6 25.00 390.
7 26.565 375.
8 28.125 320.
9 31.250 90.
10 32.8125 0.
11 50.00 0.
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Table 19. Terrain profile for test case RDLONGB and TROPOT.

Table 18. Terrain profile for test case PVT.

terx; tery;
i (km) (meters)
1 0.00 625.
2 3.17 476.
3 6.34 347.
4 9.51 239.
5 12.69 151.
6 15.87 83.
7 19.04 35.
8 22.22 7.
9 25.00 0.
10 27.78 7.
11 30.96 35.
12 34.13 83.
13 37.13 151.
14 40.49 239.
15 43.66 347.
16 46.83 476.
17 50. 625.

terx; tery, terx; tery; terx; tery;
i (km) (meters) i (km) (meters) i (km) (meters)
1 0.0 8.0 57 20.10 22.0 113 79.20 184.0
2 .30 8.0 58 20.40 23.0 114 79.50 226.0
3 .60 9.0 59 20.70 24.0 115 79.80 152.0
4 .90 9.0 60 21.00 24.0 116 80.10 201.0
5 1.20 10.0 61 21.30 25.0 117 80.40 244.0
6 1.50 11.0 62 21.60 26.0 118 80.70 152.0
7 1.80 12.0 63 21.90 27.0 119 81.00 143.0
8 210 13.0 64 22.20 27.0 120 81.30 91.0
9 2.40 14.0 65 22.50 28.0 121 81.60 107.0
10 2.70 15.0 66 22.80 29.0 122 81.90 152.0
11 3.00 17.0 67 23.40 29.0 123 82.20 152.0
12 3.30 19.0 68 23.70 30.0 124 82.50 170.0
13 3.60 21.0 69 24.60 30.0 125 82.80 152.0
14 3.90 23.0 70 24.90 32.0 126 83.10 66.0
15 4.20 25.0 71 25.20 34.0 127 83.40 70.0
16 4.50 27.0 72 25.50 38.0 128 83.70 121.0
17 4.80 28.0 73 26.10 38.0 129 84.00 152.0
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Table 19. Terrain profile for test case RDLONGB and TROPOT. (Continued)

terx; tery, terx; tery; terx; tery;
i (km) (meters) i (km) (meters) i (km) (meters)
18 5.10 30.0 74 26.40 36.0 130 84.30 170.0
19 5.40 31.0 75 26.70 34.0 131 84.60 141.0
20 5.70 31.0 76 27.00 32.0 132 84.90 139.0
21 6.00 29.0 77 27.30 27.0 133 85.20 147.0
22 6.30 23.0 78 27.60 15.0 134 85.50 177.0
23 6.60 14.0 79 27.90 6.0 135 85.80 152.0
24 6.90 9.0 80 28.20 1.0 136 86.10 61.0
25 7.20 7.0 81 28.50 0.0 137 86.70 61.0
26 7.50 7.0 82 64.50 0.0 138 87.00 70.0
27 7.80 9.0 83 64.80 8.0 139 87.30 44.0
28 8.10 11.0 84 65.10 30.0 140 87.60 11.0
29 8.40 14.0 85 65.40 39.0 141 87.90 1.0
30 8.70 13.0 86 65.70 61.0 142 89.40 1.0
31 9.30 13.0 87 66.60 61.0 143 89.70 61.0
32 9.60 12.0 88 66.90 24.0 144 90.00 84.0
33 9.90 11.0 89 67.20 14.0 145 90.30 152.0
34 10.20 8.0 90 67.50 26.0 146 90.60 152.0
35 10.80 8.0 91 67.80 16.0 147 90.90 101.0
36 11.10 7.0 92 68.10 1.0 148 91.20 40.0
37 12.60 7.0 93 68.40 1.0 149 91.50 15.0
38 12.90 6.0 94 68.70 0.0 150 91.80 20.0
39 14.40 6.0 95 73.80 0.0 151 92.10 2.0
40 14.70 7.0 96 74.10 1.0 152 92.40 10.0
41 15.00 8.0 97 74.40 1.0 153 92.70 4.0
42 15.30 8.0 98 74.70 10.0 154 93.00 1.0
43 15.60 9.0 99 75.00 8.0 155 93.30 1.0
44 15.90 10.0 100 75.30 39.0 156 93.60 0.0
45 16.20 11.0 101 75.60 45.0 157 93.90 1.0
46 16.50 11.0 102 75.90 53.0 158 96.30 1.0
47 16.80 12.0 103 76.20 61.0 159 96.60 0.0
48 17.40 12.0 104 76.50 61.0 160 96.90 1.0
49 17.70 13.0 105 76.80 82.0 161 97.50 1.0
50 18.00 13.0 106 77.10 61.0 162 97.80 2.0
51 18.30 14.0 107 77.40 78.0 163 98.10 3.0
52 18.60 15.0 108 77.70 61.0 164 99.30 3.0
53 18.90 16.0 109 78.00 129.0 165 99.60 2.0
54 19.20 18.0 110 78.30 30.0 166 99.90 20
55 19.50 20.0 111 78.60 46.0 167 | 100.20 1.0
56 19.80 21.0 112 78.90 159.0
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Table 20. Table of ground constants for terrain profile of Table 19.

rgrnd;
s igrnd? (km)
1 2 0.
2 0 28.5
3 3 64.8
4 0 68.7
5 4 74 1
6 0 100.2

®Ground composition type: O=sea water; 1=fresh water; 2=wet ground; 3=medium dry ground;
4=very dry ground; 5=ice at -1°C; 6=ice at -10°C; 7=user-defined permittivity and conductivity.

Table 21. Terrain profile for test case VERTMIX.

terx; tery; rgrnd;
i (km) meters figr igrnd? (km)
1 0. 0. 1 4 0.
2 50. 0. 2 0 25.0

*Ground composition type: O=sea water; 1=fresh water; 2=wet ground; 3=medium dry ground;
4=very dry ground; 5=ice at -1°C; 6=ice at -10°C; 7=user-defined permittivity and conductivity.

Table 22. Terrain profile for test case VERTUSRD.

terx; tery;
i (km) (meters)
1 0. 0.
2 50. 0.

Table 23. Terrain profile for test case WEDGE.

terx; tery;
i (km) (meters)
1 0. 0.
2 45.0 0.
3 50.0 200.
4 55.0 0.
5 100.0 0.
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4.4 EXPECTED TEST RESULTS

The expected test result propagation loss versus height values for each of the 36
test cases are listed in tabular form within Table 24 through Table 59.

Table 24. Expected output for ABSORB Table 25. Expected output for
for ryax receiver range of 50 km. AIRBORNE for r,,, receiver range of
250 km.
Prop. Prop.

Height Loss Factor Prop. Prop.
(meters) | (dB) (dB) Height Loss Factor
10.00 | 21270 | -60.20 (meters) | (dB) (dB)
20.00 199.30 -46.80 250.00 136.90 2.60
30.00 188.90 -36.50 500.00 136.00 3.50
40.00 180.10 -27.60 750.00 138.00 1.50
50.00 172.20 -19.80 1000.00 139.90 -0.40
60.00 165.50 -13.00 1250.00 138.10 1.40
70.00 160.10 -7.60 1500.00 132.90 6.50
80.00 156.70 -4.30 1750.00 142.70 -3.30
90.00 156.50 -4.00 2000.00 142.40 -2.90
100.00 163.20 -10.70 2250.00 143.10 -3.60
110.00 159.30 -6.90 2500.00 142.20 -2.70
120.00 156.00 -3.60 2750.00 140.70 -1.20
130.00 167.80 -15.30 3000.00 136.40 3.10
140.00 155.70 -3.30 3250.00 143.50 -4.00
150.00 163.00 -10.50 3500.00 142.90 -3.40
160.00 156.10 -3.60 3750.00 137.90 1.60
170.00 161.90 -9.40 4000.00 143.00 -3.50
180.00 155.70 -3.30 4250.00 138.70 0.80
190.00 164.50 -12.00 4500.00 142.80 -3.30
200.00 154.90 -2.50 4750.00 143.60 -4.20

5000.00 137.40 2.10
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Table 26. Expected output for BLOCK Table 27. Expected Output for COSEC2

for ryax receiver range of 60 km. for ryax receiver range of 50 km.
Prop. Prop. Prop. Prop.
Height Loss Factor Height Loss Factor
(meters) (dB) (dB) (meters) (dB) (dB)
20.00 216.10 -88.10 100.0 134.40 -8.00
40.00 209.40 -81.40 200.0 124.10 2.30
60.00 207.80 -79.80 300.0 122.30 4.10
80.00 209.00 -81.00 400.0 129.70 -3.30
100.00 207.20 -79.20 500.0 126.50 -0.10
120.00 203.00 -75.00 600.0 123.50 2.90
140.00 200.70 -72.70 700.0 128.00 -1.60
160.00 198.60 -70.60 800.0 126.90 -0.40
180.00 195.10 -67.00 900.0 125.70 0.70
200.00 191.60 -63.60 1000.0 126.60 -0.20
220.00 188.20 -60.20 1100.0 127.10 -0.60
240.00 184.40 -56.40 1200.0 127.50 -1.10
260.00 180.60 -52.60 1300.0 128.90 -2.40
280.00 176.90 -48.90 1400.0 129.50 -3.10
300.00 173.30 -45.30 1500.0 129.70 -3.30
320.00 170.00 -42.00 1600.0 131.00 -4.50
340.00 167.10 -39.10 1700.0 131.50 -5.00
360.00 164.70 -36.70 1800.0 131.40 -4.90
380.00 162.60 -34.60 1900.0 132.70 -6.20
400.00 160.70 -32.70 2000.0 133.00 -6.60
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Table 29. Expected output for
EDUCTREF for r,,.x receiver range of 100

Table 28. Expected Output for EDUCT
for ryax receiver range of 50 km.

Prop. Prop. km.

Height Loss Factor Prop. Prop.
(meters) | (dB) (dB) Height | Loss | Factor
10.0 142.80 3.60 (meters) | (dB) (dB)
20.0 147.50 -1.10 10.0 154.70 -2.20
30.0 150.10 -3.60 20.0 157.90 -5.50
40.0 152.50 -6.10 30.0 159.70 -7.30
50.0 156.00 -9.60 40.0 160.30 -7.90
60.0 158.60 -12.10 50.0 160.70 -8.30
70.0 154.10 -7.70 60.0 161.00 -8.50
80.0 149.50 -3.10 70.0 161.10 -8.60
90.0 146.30 0.10 80.0 161.20 -8.80
100.0 144.30 2.20 90.0 161.30 -8.90
110.0 143.10 3.40 100.0 161.30 -8.90
120.0 142.70 3.70 110.0 161.40 -9.00
130.0 143.20 3.20 120.0 161.50 -9.00
140.0 145.10 1.30 130.0 161.50 -9.10
150.0 149.50 -3.10 140.0 161.60 -9.20
160.0 161.60 -15.10 150.0 161.70 -9.30
170.0 151.90 -5.50 160.0 161.80 -9.30
180.0 145.20 1.20 170.0 161.90 -9.40
190.0 142 .40 4.10 180.0 162.00 -9.60
200.0 141.50 4.90 190.0 162.10 -9.70
200.0 162.30 -9.80
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Table 30. Expected output for FLTA50 Table 31. Expected output for GASABS

for ryax receiver range of 50 km. for r,ax receiver range of 50 km.

Prop. Prop. Prop. Prop.

Height Loss Factor Height Loss Factor
(meters) (dB) (dB) (meters) (dB) (dB)
5.00 -999.0 -999.0 10.0 212.7 -60.20
10.00 190.3 -63.9 20.0 199.2 -46.80
15.00 159.0 -32.5 30.0 188.9 -36.50
20.00 152.7 -26.3 40.0 180.1 -27.60
25.00 148.9 -22.5 50.0 172.2 -19.80
30.00 146.1 -19.7 60.0 165.5 -13.00
35.00 143.8 -17.3 70.0 160.1 -7.60
40.00 141.8 -15.3 80.0 156.7 -4.20
45.00 140.0 -13.6 90.0 156.5 -4.00
50.00 138.4 -12.0 100.0 163.1 -10.70
55.00 137.0 -10.5 110.0 159.3 -6.90
60.00 135.6 -9.2 120.0 156.0 -3.60
65.00 134.4 -8.0 130.0 167.8 -15.30
70.00 133.3 -6.8 140.0 155.7 -3.30
75.00 132.2 -5.8 150.0 163.0 -10.50
80.00 131.2 -4.7 160.0 156.1 -3.60
85.00 130.2 -3.8 170.0 161.9 -9.40
90.00 129.4 -2.9 180.0 155.7 -3.30
95.00 128.5 -2.1 190.0 164.4 -12.00
100.00 127.8 -1.3 200.0 154.9 -2.50
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Table 32. Expected output for GAUSS Table 33. Expected output for HIBW for

for ryax receiver range of 50 km. I'max receiver range of 50 km.
Prop. Prop. Prop. Prop.

Height Loss Factor Height Loss Factor
(meters) (dB) (dB) (meters) (dB) (dB)
100.0 133.7 -7.2 100.0 133.6 -7.2
200.0 123.5 2.9 200.0 123.3 3.1
300.0 121.7 4.8 300.0 1211 5.3
400.0 130.7 -4.3 400.0 129.7 -3.3
500.0 127 1 -0.6 500.0 124.9 1.5
600.0 124.0 24 600.0 120.6 58
700.0 133.0 -6.6 700.0 128.1 -1.7
800.0 132.2 -5.7 800.0 125.3 1.1
900.0 129.6 -3.2 900.0 120.5 5.9
1000.0 139.0 -12.6 1000.0 127.6 -1.1
1100.0 140.0 -13.5 1100.0 125.6 0.8
1200.0 138.1 -11.7 1200.0 120.5 6.0
1300.0 148.3 -21.9 1300.0 127.5 -1.1
1400.0 150.4 -23.9 1400.0 125.6 0.8
1500.0 149.5 -23.1 1500.0 120.5 6.0
1600.0 160.5 -34.1 1600.0 127.5 -1.0
1700.0 163.6 -37.1 1700.0 125.6 0.8
1800.0 163.7 -37.3 1800.0 120.5 5.9
1900.0 175.5 -49.1 1900.0 127.4 -1.0
2000.0 179.6 -53.1 2000.0 125.7 0.8
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Table 34. Expected output for HIEL for Table 35. Expected output for HIFREQ

I'max receiver range of 50 km. for rax receiver range of 50 km.
Prop. Prop. Prop. Prop.
Height Loss Factor Height Loss Factor
(meters) (dB) (dB) (meters) (dB) (dB)
1000.0 376.4 -250.0 10.0 2054 -52.9
2000.0 376.4 -250.0 20.0 192.0 -39.5
3000.0 376.4 -250.0 30.0 181.6 -29.2
4000.0 376.4 -250.0 40.0 172.8 -20.3
5000.0 364.2 -237.7 50.0 164.9 -12.5
6000.0 258.9 -132.4 60.0 158.2 -5.7
7000.0 184.7 -58.1 70.0 152.8 -0.3
8000.0 140.8 -14.2 80.0 149.4 3.0
9000.0 126.6 0.0 90.0 149.2 3.3
10000.0 141.2 -14.6 100.0 155.9 -3.4
11000.0 183.7 -57.1 110.0 152.0 0.4
12000.0 253.1 -126.4 120.0 148.7 3.7
13000.0 348.2 -221.5 130.0 160.5 -8.0
14000.0 376.7 -250.0 140.0 148.4 4.0
15000.0 376.8 -250.0 150.0 155.7 -3.2
16000.0 376.8 -250.0 160.0 148.8 3.7
17000.0 376.9 -250.0 170.0 154.6 -2.1
18000.0 376.9 -250.0 180.0 148.4 4.0
19000.0 377.0 -250.0 190.0 157.2 -4.7
20000.0 3771 -250.0 200.0 147.6 4.8
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Table 36. Expected output for HITRAN Table 37. Expected output for HORZ for

for ryax receiver range of 50 km. I'max receiver range of 50 km.
Prop. Prop. Prop. Prop.

Height Loss Factor Height Loss Factor
(meters) (dB) (dB) (meters) (dB) (dB)
50.0 126.3 0.1 100.0 133.6 -7.2
100.0 121.8 4.7 200.0 123.3 3.1
150.0 138.1 -11.7 300.0 1211 5.3
200.0 1214 5.0 400.0 129.7 -3.3
250.0 134.6 -8.2 500.0 124.9 1.5
300.0 122.0 44 600.0 120.6 58
350.0 124 .4 2.0 700.0 128.1 -1.7
400.0 127.7 -1.3 800.0 125.3 1.1
450.0 120.9 55 900.0 120.5 5.9
500.0 1314 -5.0 1000.0 127.6 -1.1
550.0 123.2 3.3 1100.0 125.6 0.9
600.0 121.5 5.0 1200.0 120.5 6.0
650.0 147.9 -21.5 1300.0 127.5 -1.0
700.0 121.7 4.7 1400.0 125.6 0.8
750.0 122.3 41 1500.0 120.5 6.0
800.0 137.7 -11.3 1600.0 127.4 -1.0
850.0 1211 5.3 1700.0 125.6 0.8
900.0 123.2 3.2 1800.0 120.5 6.0
950.0 132.5 -6.1 1900.0 127.4 -1.0
1000.0 120.8 5.6 2000.0 125.6 0.8
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Table 38. Expected output for HTFIND Table 39 Expected output for LOBW for

for ryax receiver range of 50 km. I'max receiver range of 50 km.
Prop. Prop. Prop. Prop.
Height Loss Factor Height Loss Factor
(meters) (dB) (dB) (meters) (dB) (dB)
100.0 133.6 -7.2 100.0 133.8 -74
200.0 123.4 3.0 200.0 124.0 24
300.0 121.5 4.9 300.0 123.2 3.2
400.0 130.0 -3.6 400.0 132.9 -6.4
500.0 125.8 0.7 500.0 133.0 -6.6
600.0 122.1 4.3 600.0 134.1 -7.7
700.0 128.8 -2.3 700.0 146.4 -19.9
800.0 126.9 -0.5 800.0 151.8 -25.3
900.0 124 .4 2.0 900.0 156.6 -30.2
1000.0 127.1 -0.7 1000.0 171.5 -45.1
1100.0 126.5 -0.1 1100.0 181.5 -55.1
1200.0 126.2 0.3 1200.0 190.5 -64.0
1300.0 126.6 -0.2 1300.0 208.4 -81.9
1400.0 126.5 -0.1 1400.0 2224 -96.0
1500.0 126.2 0.3 1500.0 235.6 -109.2
1600.0 126.6 -0.2 1600.0 256.6 -130.1
1700.0 126.5 -0.1 1700.0 274.6 -148.2
1800.0 126.2 0.3 1800.0 292.0 -165.6
1900.0 126.6 -0.2 1900.0 316.2 -189.7
2000.0 126.5 -0.1 2000.0 338.1 -211.7
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Table 40. Expected output for LOEL for Table 41. Expected output for LOFREQ
Imex receiver range of 50 km. for ryax receiver range of 50 km.

Prop. Prop. Prop. Prop.

Height Loss Factor Height Loss Factor
(meters) (dB) (dB) (meters) (dB) (dB)
1000.0 376.4 -250.0 250.0 116.7 -10.3
2000.0 376.4 -250.0 500.0 109.0 26
3000.0 376.4 -250.0 750.0 105.0 15
4000.0 376.4 -250.0 1000.0 102.6 38
5000.0 358.3 -231.8 1250.0 101.2 5.2
6000.0 254.6 -128.2 1500.0 1005 5.9
7000.0 181.9 -55.4 1750.0 1005 5.9
8000.0 139.6 -13.1 2000.0 101.0 5.4
90000 | 126.9 0.3 2250.0 | 102.3 4.1
10000.0 142.9 -16.3 2500.0 104.5 19
11000.0 186.8 -60.2 2750.0 108.4 1.9

12000.0 257.6 -130.9 3000.0 116.9 105

13000.0 354.0 -227.3 39500 119.4 13.0
14000.0 376.7 -250.0 3500.0 109.2 27
15000.0 376.8 -250.0 3750.0 104.9 15
16000.0 376.8 -250.0 4000.0 102.6 3.9
17000.0 376.9 -250.0 4950.0 101.2 52
18000.0 376.9 -250.0 4500.0 100.6 5.9
19000.0 377.0 -250.0 4750.0 100.5 6.0
20000.0 3771 -250.0 5000.0 101.0 55
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Table 42. Expected output for LOTRAN Table 43. Expected output for MPRT for

for ryax receiver range of 50 km. hmax receiver height of 1100 m.

Prop. Prop. Prop. Prop.

Height Loss Factor Range Loss Factor
(meters) (dB) (dB) (km) (dB) (dB)

500.0 133.5 -71 2.0 295.0 -207.0

1000.0 126.3 0.2 4.0 298.0 -204.0

1500.0 122.9 3.5 6.0 299.8 -202.2

2000.0 121.2 5.3 8.0 301.0 -201.0

2500.0 120.5 6.0 10.0 302.0 -200.0

3000.0 120.7 5.8 12.0 302.8 -199.2

3500.0 121.8 4.6 14.0 264.9 -160.0

4000.0 124.1 2.3 16.0 261.5 -155.4

4500.0 128.5 -2.0 18.0 2654 -158.3
5000.0 140.4 -14.0 20.0 206.0 -98.0
5500.0 134.2 -7.7 22.0 148.8 -40.0
6000.0 126.7 -0.2 24.0 123.3 -13.7
6500.0 123.2 3.3 26.0 121.8 -11.5
7000.0 1214 5.1 28.0 134.7 -23.8
7500.0 120.7 58 30.0 156.7 -45.1
8000.0 120.8 5.8 32.0 180.9 -68.8
8500.0 121.7 4.9 34.0 207.1 -94.5

9000.0 123.6 3.0 36.0 233.7 -120.6

9500.0 127.1 -0.6 38.0 244.2 -130.6

10000.0 134.8 -8.2 40.0 2455 -131.5

42.0 246.9 -132.5

44.0 249.1 -134.3

46.0 252.3 -137.1

48.0 256.9 -141.3

50.0 261.8 -145.8

52.0 267.1 -150.8

54.0 272.0 -155.3

56.0 276.0 -159.0

58.0 279.6 -162.3

60.0 282.2 -164.7
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Table 44. Expected output for PERW for
hmax receiver height of 1000 m.

Prop. Prop.

Range Loss Factor
(km) (dB) (dB)
25 179.8 -89.9
5.0 129.6 -33.6
7.5 95.9 3.6
10.0 110.7 -8.7
12.5 99.7 4.2
15.0 102.4 3.1
17.5 110.2 -3.3

20.0 119.7 -11.6
225 111.8 -2.8
25.0 108.7 1.2
275 108.1 2.7
30.0 106.9 46
32.5 107.6 46
35.0 109.1 3.8
37.5 109.3 4.2
40.0 110.3 3.8
425 109.8 47
45.0 109.5 5.6
47.5 109.1 6.4
50.0 111.9 41
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Table 45. Expected output for PVT for

I'max receiver range of 10 km.

Prop. Prop.

Height Loss Factor
(meters) (dB) (dB)

100.0 -999.0 -999.0

200.0 -999.0 -999.0
300.0 101.3 5.1
400.0 113.5 -7.1
500.0 103.9 2.6
600.0 105.2 1.3
700.0 109.5 -3.1
800.0 104.2 2.3
900.0 107.0 -0.5
1000.0 107.7 -1.3
1100.0 106.2 0.3
1200.0 105.8 0.7
1300.0 102.9 3.6
1400.0 109.4 -3.0
1500.0 103.9 25
1600.0 107.7 -1.3
1700.0 103.4 3.0
1800.0 105.0 1.4
1900.0 107.7 -1.2
2000.0 103.7 28




Table 46. Expected output for Table 47. Expected output for RNGDEP

RDLONGB for r.x receiver range of 100 for ryax receiver range of 250 km.
km. Prop. Prop.
Prop. Prop. Height Loss Factor
Height Loss Factor (meters) (dB) (dB)
(meters) (dB) (dB) 100.0 199.8 -49.9
50.0 138.7 -22.8 200.0 195.8 -45.9
100.0 133.1 -17.1 300.0 202.8 -52.8
150.0 129.3 -13.3 400.0 178.6 -28.7
200.0 126.4 -10.5 500.0 141.9 8.0
250.0 126.8 -10.8 600.0 135.4 14.5
300.0 129.5 -13.5 700.0 150.9 -0.9
350.0 125.0 -9.1 800.0 164.2 -14.2
400.0 121.7 -5.7 900.0 166.8 -16.9
450.0 119.1 -3.2 1000.0 182.9 -33.0
500.0 118.5 -2.5 1100.0 196.7 -46.8
550.0 118.5 -2.5 1200.0 197.4 -47.4
600.0 171 -1.1 1300.0 200.7 -50.8
650.0 114.6 1.4 1400.0 195.1 -45.2
700.0 112.6 3.4 1500.0 192.9 -43.0
750.0 113.6 24 1600.0 191.5 415
800.0 112.6 3.4 1700.0 192.4 -42.4
850.0 111.0 5.0 1800.0 195.5 -45.5
900.0 110.9 5.1 1900.0 194.5 -44.6
950.0 110.9 5.1 2000.0 193.3 -43.3
1000.0 110.1 5.8
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Table 48. Expected output for SBDUCT Table 49. Expected output for

for rmax receiver range of 200 km. SBDUCTREF for r,,,.x receiver range of
200 km.
Prop. Prop.

Height Loss Factor Prop. Prop.
(meters) |  (dB) (dB) Height | loss | Factor
250.00 | 139.9 8.1 (meters) | (dB) (dB)
500.00 166.0 -18.0 50.0 141.8 6.2
750.00 157.0 9.0 100.0 136.6 11.5
1000.0 161.3 -13.3 150.0 141.5 6.5
1250.0 174.6 -26.6 200.0 141.3 6.7
1500.0 169.5 214 250.0 141.0 7.0
1750.0 158.6 -10.6 300.0 152.3 -4.3
2000.0 150.8 28 350.0 171.6 -23.6
2250.0 146.9 1.1 400.0 182.3 -34.3
2500.0 1477 0.3 450.0 172.7 247
2750.0 165.7 177 500.0 168.7 -20.7
3000.0 1451 3.0 550.0 165.4 -17.4
3250.0 148.0 0.0 600.0 162.9 -14.9
3500.0 147.0 1.0 650.0 161.0 -12.9
3750.0 1453 27 700.0 159.9 -11.9
4000.0 149.7 17 750.0 159.1 -11.1
4250.0 144 .4 3.7 800.0 159.1 -11.0
4500.0 149.9 1.9 850.0 160.0 -12.0
4750.0 144 5 35 900.0 160.1 -12.1
5000.0 148.0 0.0 950.0 161.1 -13.1

1000.0 162.7 -14.7
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Table 50. Expected output for SINEX for Table 51. Expected output for TROPOS

I'max receiver range of 50 km. for ryax receiver range of 200 km.
Prop. Prop. Prop. Prop.
Height Loss Factor Height Loss Factor
(meters) (dB) (dB) (meters) (dB) (dB)
100.0 133.7 -7.2 100.0 165.2 -46.7
200.0 123.5 3.0 200.0 164.6 -46.1
300.0 121.6 4.8 300.0 164.5 -46.0
400.0 130.7 -4.3 400.0 164.4 -46.0
500.0 127.0 -0.6 500.0 164.4 -46.0
600.0 1241 2.4 600.0 164.2 -45.7
700.0 133.3 -6.8 700.0 163.4 -45.0
800.0 133.0 -6.6 800.0 162.1 -43.6
900.0 131.9 -54 900.0 161.2 -42.8
1000.0 143.2 -16.8 1000.0 158.5 -40.0
1100.0 151.3 -24.8 1100.0 155.9 -37.4
1200.0 150.9 -24.5 1200.0 153.5 -35.0
1300.0 157.9 -31.5 1300.0 151.2 -32.7
1400.0 156.1 -29.6 1400.0 149.0 -30.5
1500.0 150.9 -24.5 1500.0 146.9 -28.4
1600.0 157.9 -31.5 1600.0 144.9 -26.5
1700.0 156.1 -29.7 1700.0 143.1 -24.6
1800.0 150.9 -24.5 1800.0 141.3 -22.8
1900.0 157.9 -31.5 1900.0 139.6 -21.1
2000.0 156.1 -29.7 2000.0 138.0 -19.6
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Table 52. Expected output for TROPOT Table 53. Expected output for

for rmax receiver range of 200 km. USERDEFA for r,,.x receiver range of
300 km.
Prop. Prop.

Height Loss Factor Prop. Prop.
(meters) (dB) (dB) Height Loss Factor
100.0 164.7 -46.2 (meters) (dB) (dB)
200.0 163.7 -45.2 150.0 137.7 3.3
300.0 162.8 -44.3 300.0 138.8 2.3
400.0 161.2 427 450.0 159.0 -17.9
500.0 159.2 -40.7 600.0 153.2 -12.2
600.0 157 1 -38.6 750.0 151.3 -10.2
700.0 155.2 -36.7 900.0 152.6 -11.5
800.0 153.6 -35.1 1050.0 154.8 -13.8
900.0 152.4 -34.0 1200.0 158.9 -17.9
1000.0 151.7 -33.2 1350.0 168.6 -27.5
1100.0 151.1 327 1500.0 165.0 -24.0
1200.0 150.6 -32.1 1650.0 156.5 -15.4
1300.0 149.6 -31.1 1800.0 153.6 -12.5
1400.0 147.9 -29.4 1950.0 153.0 -11.9
1500.0 145.9 274 2100.0 152.2 -11.1
1600.0 143.8 -25.4 2250.0 151.0 -10.0
1700.0 142.1 -23.6 2400.0 151.0 -10.0
1800.0 140.5 -22.0 2550.0 151.8 -10.7
1900.0 139.0 -20.5 2700.0 152.5 -11.4
2000.0 137.3 -18.9 2850.0 153.7 -12.6

3000.0 155.3 -14.2
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Table 54. Expected output for USERHF Table 55. Expected output for VERT for

for r,ax receiver range of 50 km. I'max receiver range of 50 km.

Prop. Prop. Prop. Prop.

Height Loss Factor Height Loss Factor
(meters) (dB) (dB) (meters) (dB) (dB)
100.00 133.6 7.2 100.0 133.8 7.3
200.00 123.8 2.6 200.0 123.5 2.9
300.00 122.6 3.8 300.0 1214 5.1
400.00 128.9 -2.5 400.0 129.3 -2.9
500.00 126.7 -0.3 500.0 125.9 0.5
600.00 126.0 04 600.0 121.3 5.1
700.00 126.6 -0.2 700.0 127.8 -1.4
800.00 126.5 -0.1 800.0 127.0 -0.6
900.00 126.2 0.3 900.0 121.7 4.8
1000.0 126.6 -0.2 1000.0 127.2 -0.8
1100.0 127.4 -1.0 1100.0 127.9 -1.5
1200.0 127.1 -0.7 1200.0 122.1 4.4
1300.0 127.5 -1.1 1300.0 126.9 -0.5
1400.0 127.4 -1.0 1400.0 128.5 -2.0
1500.0 128.1 -1.7 1500.0 122.5 4.0
1600.0 128.5 -2.1 1600.0 126.7 -0.3
1700.0 128.5 -2.0 1700.0 128.8 -2.4
1800.0 128.1 -1.7 1800.0 122.8 3.6
1900.0 128.5 -21 1900.0 126.5 -0.1
2000.0 129.6 -3.2 2000.0 129.1 -2.7
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Table 57. Expected output for

Table 56. Expected output for VERTMIX VERTSEA for r,uy receiver range of 300

for ryax receiver range of 50 km.

km.
o | | £ o | P [ e
(meters) | (@B) | (dB) metors) | s | Facter
(dB) (dB)
50.0 141.8 -35.4 500 136.4 -14.4
100.0 134.7 -28.3 100.0 129.9 7.9
150.0 130.4 -24.0 150.0 127 1 5.1
200.0 127.2 -20.8 200.0 126.7 4.7
250.0 124.6 -18.2 250.0 129.2 7.2
300.0 122.4 -16.0 300.0 135.9 -13.9
350.0 120.5 -14.1 350.0 143.8 218
400.0 118.9 -12.5 400.0 147.6 -25.6
450.0 117.6 -11.1 450.0 146.2 -24.2
500.0 116.4 -10.0 500.0 144.9 -22.9
550.0 115.4 -9.0 5500 1442 223
600.0 114.5 -8.1 600.0 144.0 -22.0
650.0 1137 7.3 650.0 144.0 220
700.0 112.9 -6.4 700.0 1442 222
750.0 1126 -6.2 750.0 144.6 226
800.0 112.0 -5.6 800.0 145.0 -23.0
850.0 1114 -5.0 850.0 1455 235
900.0 110.8 4.4 9000 145.9 -23.9
950.0 110.3 -3.9 9500 146.3 -24.3
1000.0 109.8 -34 1000.0 146.6 -24.6
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Table 58. Expected output for VERTUSRD Table 59. Expected output for WEDGE

for ryax receiver range of 50 km. for r,ax receiver range of 100 km..
Prop. Prop. Prop. Prop.
Height Loss Factor Height Loss Factor
(meters) (dB) (dB) (meters) (dB) (dB)
50.0 140.5 -34.1 50.0 154.5 -22.0
100.0 134.0 -27.5 100.0 154.7 -22.3
150.0 129.8 -23.4 150.0 155.7 -23.3
200.0 126.8 -20.3 200.0 155.5 -23.0
250.0 124.3 -17.9 250.0 154.0 -21.6
300.0 122.2 -15.8 300.0 152.1 -19.7
350.0 120.5 -14.1 350.0 150.3 -17.9
400.0 119.0 -12.5 400.0 149.0 -16.6
450.0 117.7 -11.2 450.0 148.1 -15.6
500.0 116.5 -10.1 500.0 146.8 -14.4
550.0 115.4 -9.0 550.0 144.0 -11.5
600.0 114.5 -8.1 600.0 139.7 7.3
650.0 113.7 -7.2 650.0 135.4 -2.9
700.0 112.9 -6.5 700.0 131.6 0.9
750.0 112.6 -6.2 750.0 128.3 41
800.0 112.0 -5.6 800.0 126.3 6.2
850.0 111.4 -5.0 850.0 126.9 5.6
900.0 110.8 -4.4 900.0 127.8 4.6
950.0 110.3 -3.9 950.0 127.4 5.0
1000.0 109.8 -34 1000.0 130.2 2.2
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4.5 CRITERIA FOR EVALUATING RESULTS

The calculated propagation loss in dB should match the numerical values in each
table at each of the levels shown to within 0.1 dB (1 ¢B). APM rounds its output loss
values to the nearest 1 ¢B, and hence it is possible for differences of 1 ¢B to exist between
different implementations of APM. It is expected, however, that in most cases the values
will match those in Table 24 through Table 59 exactly.

4.6 TEST PROCEDURE

1. Compile for execution, the APM CSCI, the driver program APMMAIN.F90, and the
module APM_MOD.F90.

2. An input data file has been provided, as a text file, for each test case.

3. The APM CSCI is executed in a form that reads the input data file, performs the
calculations, and writes the output to a text file.

4. The output file is compared to the final expected test results to determine satisfactory
performance.

4.7 ASSUMPTIONS AND CONSTRAINTS

Input data elements are assumed to be constrained by the limits listed within
Tables 1 through 4 of the Software Requirements Specification (Ref. 5).

5. REQUIREMENTS TRACEABILITY

The provided driver program that accesses the APM CSCI will create an output
file for each test case. The output file will have the same prefix name as the input file.
The extension is “.OUT”. This output file contains height in meters and corresponding
propagation loss in dB that should correspond to the entries in Table 24 through Table 59
for each test case.

The provided program APMMAIN.FOR, when compiled with the APM CSCI,
will read the provided input files containing all necessary information for each test case.
Each input file is named for each test case, with a “.IN” extension.
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6. NOTES

Table 60 is a glossary of acronyms and abbreviations used within this document.

Table 60. Acronyms and abbreviations.

Term Definition
abSnum Surface absolute humidity (g/m®)
anty; Antenna height
APM Advanced Propagation Model
How Antenna vertical beam width (degrees)
cB centibel
CSC Computer Software Component
CSClI Computer Software Configuration Item
dB Decibel
dielec 2-dimensional array of relative permittivity and
conductivity
Uo antenna elevation angle (degrees)
EM Electromagnetic
FORTRAN Formula Translation
vz EM system frequency (MHz)
% Surface specific attenuation rate (dB/km)
hfang User-defined height-finder power reduction angle
array (deg)
hffac User-defined power reduction factor array
Rmax Maximum height output for a particularapplication
of APM.
Amin Minimum height output for a particular application of
APM.
hmsl Refractivity profile height array
Iextra Extrapolation flag for refractivity profiles entered
below mean sea level
igr Number of ground composition types for particular
application of APM
igrnd Ground composition type array
Ipat Antenna pattern
Ipol Antenna polarization
irp Number of terrain points for particular application of
APM
lerr6 Controlling logical flag for error 6
lerr12 Controlling logical flag for error 12
Ivip Number of levels in refractivity profiles for particular
application of APM
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Table 60. Acronyms and abbreviations. (Continued)

Term Definition
km kilometers
m meters
N/A Not applicable
Ntacs Number of power reduction factors and cut-back angles
for user-defined height-finder radar
Npror Number of refractivity profiles for particular application
of APM
Nyrout Number of range output points for a particular
application of APM.
ny Number of wind speeds
Naout Number of height output points for aparticular

application of APM.
PEjag Logical flag indicating PE-only mode

refmsl/ Refractivity profile M-unit array
rgrnd Gound composition type range array
Imax Maximum range output for a particular application of
APM.
Fonuit PE range step multiplier

rngprof Refractivity profile range array
rngwind Range array of wind speeds

tair Surface air temperature (°C)
terx Terrain profile range array
tery Terrain profile height array
thimax Visible portion of maximum PE propagation angle
Tropo Logical flag to include troposcatter calculations
wind Wind speed array (m/s)
NITES Naval Integrated Tactical Environmental Subsystem
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7. SAMPLE PROGRAM LISTING

The sample driver program APMMAIN.FOR, which exercises the APM CSCI, is
provided below.

!******************* APMMAIN DRIVER PROGRAM FOR APM Ver 1.3.1 *hkkkkkkkkkkkkkkkkkkx
This is a sample driver program for APM routines APMINIT, APMSTEP,
XOINIT, and XOSTEP. All numeric parameters passed to APMINIT and

APMSTEP must be in metric units. All input arrays are dynamically
allocated and are dimensioned with variable sizes.

!
!
!
!
program apmmain
use apm_mod

implicit integer (kind=4) (i-n)
implicit real (kind=8) (a-h, o-z)

IMPFL must be declared an INTEGER*2 allocatable array.

IITLOSS is a dummy array and will be used to store entire loss grid.

IITPFAC is a dummy array and will be used to store entire propagation factor grid.
INOTE: Propagation factor is output as 20*LOG10 (F) .

integer (kind=2), allocatable :: mpfl(:,:), itloss(:,:), itpfac(:,:)

character filein*20, fileout*24, answer*1l

10 continue

write(*,'(a\)')' Name of input file? '
read(*, '(a)' ) filein

open(l4, file=filein)
IThkkkkkhkhkhkhhkhhkhkhkhkhkhkkhkhkhkhkkkk*kk***READ CALC INFO#**kkkkkhhhhhhhhhhhhhhhhhhhkhk*

read( 14, * ) lerré6
read( 14, * ) lerrl2

read( 14, * ) peflag !Perform field calcs using PE model only?

read( 14, * ) thmax !Maximum PE calculation angle in degrees (used only if
!PEFLAG = .true.
read( 14, * ) rmult !PE range step multiplier (used only if PEFLAG = .true.)
read( 14, * ) tropo !Troposcatter flag: .false.=no troposcatter, .true.=troposcatter

I kkhkkhkhhkhhkhhhkhhkhhkhhkhkdhhkdhdkhkdkxdk*x****READ SYSTEM INFO****k*k*kkkkkkkhkkkhkhhkhkhkhkhhkhhhkhkhkk

read( 14, * ) freq !|Frequency in MHz.
read( 14, * ) antht lantenna height.

read( 14, * ) ipat lantenna type

read( 14, * ) ipol lantenna polarization.

!This value is ignored for Omni antenna, otherwise, the value must be
lentered in degrees.

read( 14, * ) bwidth

IThis value is ignored for Omni antenna, otherwise, the value must be
!lentered in degrees.

read( 14, * ) elev

I'Tf using specific height-finder antenna, this variable contains a non-zero
!value corresponding to the # of cut-back angles and cut-back factors.

read( 14, * ) nfacs

! If using specific height-finder antenna, then must specify values for HFANG () and
! HFFAC arrays. Height-finder cut-back angles HFANG() must be in degrees.
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if ( nfacs .gt. 0 ) then

IF( ALLOCATED( hfang ) ) DEALLOCATE( hfang, stat=ierror )

ALLOCATE ( hfang(nfacs), stat=ierror )

if ( ierror .ne. 0 ) then
write (¥, *) '***kkxx*x**ERROR IN HFANG ALLOCATION* * % % %%k %% %% !
stop

end 1if

hfang = 0.

IF( ALLOCATED( hffac ) ) DEALLOCATE( hffac, stat=ierror )
ALLOCATE ( hffac(nfacs), stat=ierror )
if ( ierror .ne. 0 ) then
write (¥, *) '***kkxx*x**ERROR IN HFFAC ALLOCATION * % % %% k%% %% !
stop
end 1if
hffac = 0.

do i = 1, nfacs
read( 14, * ) hfang(i), hffac(i)
end do
end 1if

Ikkkhkhhhhkhkkhkkkkkkkkkkkx%%**READ GENERIC INPUT INFO***kkhkhkkkkkhkhkhkhhhhhhkhhkkkkkhkk*

read( 14, * ) hmin IMinimum height in m

read( 14, * ) hmax IMaximum output height in m

read( 14, * ) rkm !Maximum output range in km

rmax = rkm * 1.d3 !Convert to m and initialize RMAX for input to APM.
read( 14, * ) nzout !Number of output height points.

read( 14, * ) nrout INumber of output range points.

ITxkkkkkhhkhhkhkhkhkkhkhkdhkhkkxkx**x****READ METEOROLOGICAL INFO*****x*,kxkkkkkkhkkkhkhkkkhkhkhkkhkk

read( 14, * ) iextra !|Extrapolation flag:
!0=extrapolate using standard gradient,
!l=extrapolate using gradient from first 2 levels.

read( 14, * ) abshum !Surface absolute humidity in g/m**3

read( 14, * ) tair !Surface air temperature in degrees C

read( 14, * ) gammaa !Gaseous absorption attenuation rate in dB/km

read( 14, * ) nw INumber of wind speeds specified.

if( nw .gt. 0 ) then ITf wind speeds specified, allocate memory.
IF( ALLOCATED( RNGWIND ) ) DEALLOCATE( RNGWIND )

ALLOCATE ( RNGWIND (NW) )
RNGWIND = O.

IF( ALLOCATED( WIND ) ) DEALLOCATE( WIND )
ALLOCATE ( WIND (NW) )
WIND = 0.

!Read wind speeds and ranges.

do i =1, nw

read( 14, * ) wind(i), rngwind(i) IWind speed in m/s and range in km at
end do !which to apply specified wind speed.
rngwind = 1.d3 * rngwind !Convert RNGWIND from km to m.
end if
read( 14, * ) nprof INumber of refractivity profiles
read( 14, * ) 1lvlp INumber of levels in refractivity profiles.

! Allocate and initialize height/refractivity and range arrays.

IF( ALLOCATED( HMSL ) ) DEALLOCATE( HMSL, stat=ierror )

ALLOCATE ( HMSL (0:LVLP, NPROF), stat=ierror )

if ( ierror .ne. 0 ) then
write (*,*) '***kkkxx*x*ERROR IN HMSL ALLOCATIONY * % % % %% %k k% !
stop

end if

HMSL = 0.

IF( ALLOCATED( REFMSL ) ) DEALLOCATE ( REFMSL, stat=ierror )
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ALLOCATE ( REFMSL (0:LVLP, NPROF), stat=ierror )

if ( ierror .ne. 0 ) then
write (*,*) '***kkxxx**ERROR IN REFMSL ALLOCATION * * % % % % % % % !
stop

end if

REFMSL = O.

IF( ALLOCATED( RNGPROF ) ) DEALLOCATE ( RNGPROF, stat=ierror )

ALLOCATE ( RNGPROF (NPROF), stat=ierror )

if ( ierror .ne. 0 ) then
write (*,*) '***kkxx*x**ERROR IN RNGPROF ALLOCATION* * % % %% % % %% % !
stop

end 1if

RNGPROF = O.

do i = 1, nprof

read( 14, * ) rngp !Range of profile in km
rngprof (i) = rngp * 1.d3 !Convert profile range from km to m
do j = 0, 1lvlp-1
read( 14, * ) hmsl(j,i), refmsl(j,1i) !Height/refractivity levels
end do
end do

Ikkhhhhkhkhkhkhkhkhkhkkkkhhhhkkkkk*k****READ TERRAIN INFO***kkkhkhkhkkhkkhkhkhhhhkkhkkkkkkkk*

read( 14, * ) igr INumber of ground composition types

if( igr .gt. 0 ) then

IF( ALLOCATED( DIELEC ) ) DEALLOCATE( DIELEC, stat=ierror )
ALLOCATE ( DIELEC(2, IGR), stat=ierror )
if ( ierror .ne. 0 ) then
write (*,*) '****kkxxx**ERROR IN DIELEC ALLOCATION * * %k % % % % !
stop
end if
DIELEC = 0.
IF( ALLOCATED( IGRND ) ) DEALLOCATE( IGRND, stat=ierror )
ALLOCATE ( IGRND(IGR), stat=ierror )
if ( ierror .ne. 0 ) then
write (*,*) '***kkxx*x**ERROR IN IGRND ALLOCATION® * * %k k% %% !
stop
end if
IGRND = 0.
IF( ALLOCATED( RGRND ) ) DEALLOCATE( RGRND, stat=ierror )
ALLOCATE ( RGRND (IGR), stat=ierror )
if ( ierror .ne. 0 ) then
write (*,*) '***kkxx*x**ERROR IN RGRND ALLOCATION® * * % k% % % % !
stop
end if
RGRND = 0.

! Read ranges at which ground types apply, ground composition types, and dielectric
! constants. If IGRND(i) = 7, then must specify non-zero values for DIELEC(), otherwise
! set to 0. Ranges of ground types are read in km.

do i =1, igr

read( 14, * ) rground, igrnd(i), (dielec(j,i),j=1,2)
rgrnd (i) = rground * 1.d3
end do
end if
read( 14, * ) itp !Number of terrain range/height points
if( itp .gt. 1 ) then ! Valid terrain profile must contain at least two

! height/range points.

IF( ALLOCATED( TERX ) ) DEALLOCATE( TERX, stat=ierror )
ALLOCATE ( TERX(ITP), stat=ierror )
if ( ierror .ne. 0 ) then
write (¥, *) '***kkxx*x**ERROR IN TERX ALLOCATIONX * %% %% %% k%% !
stop
end 1if
TERX = 0.
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IF( ALLOCATED( TERY ) ) DEALLOCATE( TERY, stat=ierror )
ALLOCATE ( TERY (ITP), stat=ierror )
if ( ierror .ne. 0 ) then
write (¥, *) '****kxx*x**ERROR IN TERY ALLOCATIONX * %% %% %% k%% !
stop
end 1if
TERY = 0.

do i =1, itp

read( 14, * ) terrain x, tery(i)
terx(i) = terrain x * 1.d3
end do
end 1if
close(14)

!Allocate and initialize MPFL() and dummy arrays.

if ( allocated( mpfl ) ) deallocate( mpfl, stat=ierror )
allocate( mpfl(2,0:nzout), stat = ierror )
if ( ierror .ne. 0 ) then

write (*,*) '******ERROR IN MPFL ALLOCATIONX ** %% !

stop
end 1if
mpfl = 0
if( allocated( itloss ) ) deallocate( itloss, stat=ierror )
allocate( itloss (0:nzout,nrout), stat=ierror )

if ( ierror .ne. 0 ) then
write (*,*) '**%***ERROR IN ITLOSS ALLOCATION® * %% %% %!
stop

end 1if

itloss = 0

if ( allocated( itpfac ) ) deallocate( itpfac, stat=ierror )
allocate( itpfac(0:nzout,nrout), stat=ierror )
if ( ierror .ne. 0 ) then
write (*,*) '**%%***ERROR IN ITPFAC ALLOCATION* * %% %% !
stop
end 1if
itpfac = 0

! Write all inputs that create the resulting output propagation loss values as
! part of log file.

ip = index( filein, '.' )
if( ip .gt. 0 ) then
fileout = filein(1l:ip-1)//'.out’

else
ic = len trim( filein )
fileout = filein(1l:ic)//'.out'
end 1if

open( 15, file=fileout )

write( 15, * ) '****Input Log APM 1.3.L1***%!

write( 15, * )'lerr6 = ', lerré6

write( 15, * )'lerrl2 = ', lerrl2

write( 15, * )'PE-only flag = ', peflag

write( 15, '(a,£f10.2)' )'Maximum PE angle (deg) = ', thmax
write( 15, '(a,f10.2)' )'PE range step multiplier = ', rmult
write( 15, * )'Troposcatter calcs? = ', tropo

write( 15, '(a,f10.2)"' ) 'Frequency (MHz) = ', freq

write( 15, '(a,£f10.3)' )'Antenna height (m) = ', antht
write( 15, * )'Antenna type = ', ipat

write( 15, * )'Polarization = ', ipol

write( 15, '(a,f10.3)' ) 'Beamwidth (deg) = ', bwidth

write( 15, '(a,f10.3)' )'Elevation angle (deg) = ', elev
write( 15, * ) 'Number of cut-back angles and factors = ', nfacs

if ( nfacs .gt. 0 ) then

write( 15, * )'Cut-back angles (deg) = ', ( sngl(hfang(i)), i=1, nfacs )
write( 15, * )'Cut-back factors = ', ( sngl(hffac(i)), i=1, nfacs )

end if

write( 15, '(a,£f10.2)' ) 'Minimum output height (m) = ', hmin

write( 15, '(a,f10.2)' ) 'Maximum output height (m) = ', hmax

write( 15, '(a,£f10.2)' ) 'Maximum output range (km) = ', rkm
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write( 15, * ) 'Number of output height points = ', nzout

write( 15, * ) 'Number of output range points = ', nrout

write( 15, * ) 'Extrapolation flag = ', iextra

write( 15, '(a,f10.3)' )'Surface absolute humidity in g/m**3 = ', abshum

write( 15, '(a,f10.3)' )'Surface air temperature in degrees C = ', tair

write( 15, '(a,f10.3)' )'Gaseous absorption attenuation rate in dB/km = ', gammaa
write( 15, * ) 'Number of wind speeds specified = ', nw

if( nw .gt. 0 ) then

write( 15, (a,£10.2) "' ) 'Wind speeds (m/s) = ', (wind (i), i=1,nw)
write( 15, (a,£10.2) " ) 'Range at each wind speed (km) = ', ( rngwind(i)*1.d-3, i=1,nw
)
end if
write( 15, * ) 'Number of refractivity profiles = ', nprof
write( 15, * ) 'Number of levels in refractivity profiles = ', 1lvlp
do j = 1, nprof
write( 15, '(a,i2,a,£f10.1)' )'Range of profile ', j, ' in km = ',rngprof (j)*1.d-3
write (15, *) 'Height (m)', ' M-unit for Profile', j
do i =0, 1lvlp-1
write (15, ' (2£15.3)"') hmsl(i,j), refmsl(i,j)
end do
end do
write( 15, * ) 'Number of ground composition types = ', igr
write( 15, * )'Range(m) of ground type Ground types Dielec (perm.,cond.)"'
do i =1, igr
write( 15, '(f15.2,20x,11,7x,2(f15.2))"' ) rgrnd(i), igrnd(i), (dielec(j,i), j=1,2)
end do
write( 15, * )'Number of terrain range/height points = ', itp
if ( itp .gt. 1 ) then
write (15, *) 'Range (km)', ' Height (m)'
do i =1, itp
write( 15, '(2f15.3)' ) terx(i)*1.d-3, tery(i)
end do
end 1if
hmin bef = hmin
hmax bef = hmax
alimv = 0.d0 ! ***MAKE SURE THIS VARIABLE IS INITIALIZED TO ZERO BEFORE ANY CALLS TO

APMINIT. ***
! ***THIS IS FOR SPAWAR USE ONLY.***%*

! Variables in CAPS are returned.
call apminit( IXOSTP, IERROR )

if ( ierror .ne. 0 ) then
write (*,*) '****kxk**** ERROR IN APMINIT ****kkkk*kkkk*!
write(*,*)'******** IERROR = ll ierror,' khkkkhkkkkkk !
stop

end if

! Notify user that HMIN or HMAX has been changed on return from APMINIT.
! The calculation height (HMAX-HMIN) must be at least 100 m.

hmin aft = hmin
if ( dabs(hmin_bef - hmin aft) .gt. 1.d-3 ) then

( _
write (15, *)
write(lSl*)l ******************WARNING******************l
write (15, *) 'HMIN has been adjusted to ', hmin, 'meters’
write(lSl*)l khkkhkhkhkhkhkdhkhkdhhkhhkhkdhkhkdhhkdhhkhdhhkdhhkdhkhkhhkhkdhkhkdhkhkhkhkhhdhhk!
end 1if
hmax aft = hmax
if ( dabs(hmax_bef - hmax aft) .gt. 1.d-3 ) then
write (15, *)
write(lSl*)l ******************WARNING******************l
write (15, *) 'HMAX has been adjusted to ', hmax, 'meters'
write(lSl*)l khkhkhkhkhkhkhkdhkhkdhhkhhkhkdhkhkdhhkdhhkhhkhkdhhkdhhkhkhkhkdhkhkdhkhkhkhhhdhhk!
end 1if
do istp = 1, nrout
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! JSTART = start of valid loss points, JEND = end of valid loss
! points. If at a range where extended optics will be applied, then
! JEND will be the index at top of PE region in MPFL() .

call apmstep( istp, ROUT, MPFL, JSTART, JEND )

write(*,*) 'range in km = ', rout*1.d-3 !Output to screen

! Store loss and propagation factor points in 2-dim. grid for later output to file.

itloss( O:nzout, istp ) = mpfl( 1, O:nzout ) !prop loss
itpfac( O:nzout, istp ) = mpfl( 2, O:nzout ) !'prop factor
end do

! Initialize variables to be used in XO model.
call xoinit( ixostp, jend, JXSTART, IERROR )
if ( ierror .gt. 0 ) then
write(*'*) l*******ERROR IN XOINIT*******I
stop
end 1if
! If extended optics model needs to be used, then call.
if ( ixostp .gt. 0 ) then

do istp = ixostp, nrout

call xostep( istp, ROUT, MPFL, jxstart, JXEND )

write(*,*) 'range in km (XO region) = ', rout*1.d-3 !Output to screen
itloss( jxstart:jxend, istp ) = mpfl( 1, jxstart:jxend )
itpfac( jxstart:jxend, istp ) = mpfl( 2, jxstart:jxend )
end do
end if

NOTE: If V pol is specified, then there can be NZOUT + 1 valid loss points
at each range, where the extra point is stored in MPFL(0). However,

only NZOUT loss values, from MPFL(1l) to MPFL(NZOUT), will be written to the
output file. 1In order to automatically output NZOUT for H pol cases or
NZOUT+1 points for V pol cases, modify the "do loop" below as follows:

do j = 1, nrout

..... write statements identical....
do k = io, nzout
end do

end do

IO is a common variable set within APMINIT that equals 0 or 1 depending on the
polarization used.

Now store all loss values in output file FILEOUT.
Recall that MPFL is the propagation loss/factor in centibels, i.e.,
MPFL () = NINT( propagation loss/factor in dB * 10. ).

Output height increment DZOUT, as determined in APMINIT, is computed as
DZOUT = (HMAX-HMIN) / float ( NZOUT )

Output range increment DROUT, as determined in APMINIT, is computed as
! DROUT = RMAX / float ( NROUT )

! Loop for writing propagation loss & factor vs. height for a specified range.

write( 15, * )
write( 15, * ) '***x*x*x*xOQutput Loss and Prop. Factor Values***kxkx!
do j = 1, nrout
write (15, *)
write (15, '(a,£10.2) ') 'range in km = ', real(j,8)*drout*1l.d-3
write (15, *)
write (15, *) 'Height (m) Loss (dB) PFac (dB) '
do k = 1, nzout
if ( itloss(k,j) .eqg. -1000 ) then
ploss = -1000.
pfac = -1000.
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elseif ( itloss(k,j) .eqg. -999 ) then

ploss = -999.
pfac = -999.
else

ploss = itloss(k,j)*.1
pfac = itpfac(k,j)*.1
end if
write (15, ' (3£10.2) ') hmin + real(k,8)*dzout, ploss, pfac
end do
end do

! Loop for writing propagation loss & factor vs. range for a specified height.

!do k = io, nzout

! wrlte(lS *)

! write (15, '(a,£10.2)') 'Height in m = ', real (k, 8) *dzout

! wrlte(lS *)

! write (15, *) 'Range (km) Loss (dB) Prop. factor(dB) '
! do j = 1, nrout

! f( itloss(k,j) .eqg. -1000 ) then

! ploss = -1000.

! pfac = -1000.

! elseif ( itloss(k,j) .eqg. -999 ) then

! ploss = -999.

! pfac = -999.

! else

! ploss = itloss(k,j)*.1

! pfac = itpfac(k,j)*.1

! end if

! write (15, ' (3£f10.2)"') real(j,8)*drout*1.d-3, ploss, pfac
! end do

lend do

close(15)

!Deallocate all allocated arrays in main driver program before exiting.

if ( allocated( hfang ) ) deallocate( hfang, stat=ierror )
if ( ierror .ne. 0 ) then
write( *, *) !'***%x***ERROR IN HFANG DEALLOCATION® %% %% %% 1

stop
end 1if
if ( allocated( hffac ) ) deallocate( hffac, stat=ierror )

if ( ierror .ne. 0 ) then
write( *, *) ‘'**xxx%**ERROR IN HFFAC DEALLOCATION* ** %% %!

stop
end 1if
if ( allocated( terx ) ) deallocate( terx, stat=ierror )

if ( ierror .ne. 0 ) then
write( *, *) ‘'**xx%%**ERROR IN TERX DEALLOCATION* ** %% !

stop
end if
if ( allocated( tery ) ) deallocate( tery, stat=ierror )

if ( ierror .ne. 0 ) then
write( *, *) ‘'**xx*%**ERROR IN TERY DEALLOCATION* ** %% !

stop
end 1if

deallocate( mpfl, itloss, itpfac )

write(*,'(a\)')' Input another file? (y or n)'

read (* '(a)' ) answer

if (( answer .eq. 'y' ) .or. ( answer .eq. 'Y')) goto 10
end
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8. INPUT FILE LISTINGS FOR TEST CASES

Each test case, when using the sample driver program APMMAIN.F90, shall

consist of an input file (TestName.IN) and an output file (TestName.OUT). The input
file’s contents are listed in sections 8.1 through 8.28. The output file’s contents,
consisting of couplets of height in meters and propagation loss and propagation factor in
dB, are listed in Table 24 through Table 59.

8.1 ABSORB.IN

true LERR6 error flag

true LERR12 error flag

.false Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. PE range step multiplier (required if using PE calcs only, ignored otherwise)
false Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

20000 : Frequency in MHz

25. : Antenna height in m

1 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),6 4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 Polarization (0=HOR, 1=VER)

5. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

0. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)
0. Minimum output height in m

200 Maximum output height in m

50. Maximum output range in km

20 Number of output height points

1 Number of output range points

0 Extrapolation flag

0. Surface absolute humidity in g/m3

0. Surface air temperature in degrees

.146 Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 Number of refractivity profiles

2 Number of levels in refractivity profiles

0. : Range of first refractivity profile in km

0. 350. : Height & M-unit value of ref. profile 1, level 1

1000 468. : Height & M-unit value of ref. profile 1, level 2

1 Number of ground composition types

0., 0, 0., O. Range (km) , ground type (integer), permittivity, conductivity

0 Number of terrain range/height points

8.2 AIRBORNE.IN

.true. LERR6 error flag

.true. LERR12 error flag

.false Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

900 : Frequency in MHz

2500. : Antenna height in m

1 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 Polarization (0=HOR, 1=VER)

0. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

0. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)
0. Minimum output height in m

5000 Maximum output height in m

250 Maximum output range in km

20 Number of output height points

1 Number of output range points

0 Extrapolation flag
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Surface absolute humidity in g/m3
Surface air temperature in degrees
Gaseous absorption attenuation rate in dB/km

Number of refractivity profiles
Number of levels in refractivity profiles

0

0

0. :

0 : Number of wind speeds/ranges specified
1 .

5

0

. : Range of first refractivity profile in km
0. 209.2 : Height & M-unit value of ref. profile 1, level 1
1100. 339. : Height & M-unit value of ref. profile 1, level 2
1500. 386.2 : Height & M-unit value of ref. profile 1, level 3
1625. 361.5 : Height & M-unit value of ref. profile 1, level 4
2100 417.55 : Height & M-unit value of ref. profile 1, level 5
1 : Number of ground composition types
0., 0, 0., O. Range (km) , ground type (integer), permittivity, conductivity
0 : Number of terrain range/height points
8.3 BLOCK.IN
.true. : LERR6 error flag
.true. : LERR12 error flag
.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)
0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter
1000. : Frequency in MHz
101. : Antenna height in m
1 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
1 : Polarization (0=HOR, 1=VER)
0. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
0. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)
0. : Minimum output height in m
400. : Maximum output height in m
60. : Maximum output range in km
20 : Number of output height points
1 : Number of output range points
0 : Extrapolation flag
7.5 : Surface absolute humidity in g/m3
0 Surface air temperature in degrees
0 Gaseous absorption attenuation rate in dB/km
0 Number of wind speeds/ranges specified
1 : Number of refractivity profiles
2 : Number of levels in refractivity profiles
0 : Range of first refractivity profile in km
0 350 : Height & M-unit value of ref. profile 1, level 1
1000 468 Height & M-unit value of ref. profile 1, level 2
1 Number of ground composition types
0., 7, 7.5, 0.01 Range (km) , ground type (integer), permittivity, conductivity
6 Number of terrain range/height points
0. 1 : Range (km) & height of terrain point 1
10.0 1 : Range (km) & height of terrain point 2
10.0 200
40.0 200
40.0 1
60.0 1
8.4 COSEC2.IN
.true. : LERR6 error flag
.true. : LERR12 error flag
.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)
0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter
1000. : Frequency in MHz
25. : Antenna height in m
4 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)
1. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
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0 Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 : Number of cut-back angles and factors (used for specific height-finder antenna)
0. : Minimum output height in m
2000. : Maximum output height in m
50. : Maximum output range in km
20 : Number of output height points
1 : Number of output range points
Extrapolation flag
Surface absolute humidity in g/m3
Surface air temperature in degrees
Gaseous absorption attenuation rate in dB/km
Number of wind speeds/ranges specified
Number of refractivity profiles
Number of levels in refractivity profiles
Range of first refractivity profiles in km
350. : Height & M-unit value of ref. profile 1, level 1
000. 468. : Height & M-unit value of ref. profile 1, level 2
: Number of ground composition types
., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points

OOHFHHFHOONMNMHKHOOOOO

8.5 EDUCT.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)

.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

10000. : Frequency in MHz

15. : Antenna height in m

2 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X) ,6 4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)

5. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

0. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)

0 Minimum output height in m

200. : Maximum output height in m

50. : Maximum output range in km

20 : Number of output height points

1 : Number of output range points

0 Extrapolation flag

0. Surface absolute humidity in g/m3

0. Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 : Number of refractivity profiles

21 : Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 339. : Height & M-unit value of ref. profile 1, level 1
.040 335.10 : Height & M-unit value of ref. profile 1, level 2
.1 333.66 : Height & M-unit value of ref. profile 1, level 3
.2 332.6 : Height & M-unit value of ref. profile 1, level 4
.398 331.54 : Height & M-unit value of ref. profile 1, level 5
.794 330.51 : Height & M-unit value of ref. profile 1, level 6
1.585 329.53 : Height & M-unit value of ref. profile 1, level 7

3.162 328.65 : Height & M-unit value of ref. profile 1, level 8

6.310 327.96 : Height & M-unit value of ref. profile 1, level 9
12.589 327.68 : Height & M-unit value of ref. profile 1, level 10
14. 327.67 : Height & M-unit value of ref. profile 1, level 11

25.119 328.13 : Height & M-unit value of ref. profile 1, level 12

39.811 329.25 : Height & M-unit value of ref. profile 1, level 13

50.119 330.18 : Height & M-unit value of ref. profile 1, level 14

63.096 331.44 : Height & M-unit value of ref. profile 1, level 15

79.433 333.12 : Height & M-unit value of ref. profile 1, level 16
100. 335.33 : Height & M-unit value of ref. profile 1, level 17
125.893 338.2 : Height & M-unit value of ref. profile 1, level 18
158.489 341.92 : Height & M-unit value of ref. profile 1, level 19
199.526 346.69 : Height & M-unit value of ref. profile 1, level 20

209.526 347.87 : Height & M-unit value of ref. profile 1, level 21
1 : Number of ground composition types

0., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity
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Number of terrain range/height points

8.6 EDUCTRF.IN

o
o

OONKHFEHRPRPROOOO
R ..

.040

.398
. 794
1.585
3.162
6.310
12.589

25.119
39.811
50.119
63.096
79.433

125.893
158.489
199.526
209.526

339.
335.

333

332.
331.
330.
329.
328.
327.
327.
327.
328.
329.
330.
331.
333.
335.
338.
341.

346

347.

., O.
Number of terrain range/height points

LERR6 error flag

LERR12 error flag

Perform PE calcs only?

Frequency in MHz
Antenna height in m
type (1=0OMNI,2=GAUSS,3=SINC(X),4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)

Antenna
Polariza

tion (0=HOR,

Beamwidth in deg

Antenna elevation angle in deg
Number of cut-back angles and factors

('.true.'

1=VER)

= yes,
Maximum PE calculation angle in degrees
PE range step multiplier
Troposcatter flag:

'.false.' = no)

(required if using PE calcs only, ignored otherwise)
(required if using PE calcs only, ignored otherwise)

'.false.'=no troposcatter,

'.true.'=troposcatter

(this value is ignored for OMNI and USRDEF antenna)
(this value is ignored for OMNI and USRDEF antenna)
(used for specific height-finder antenna)

Minimum output height in m
Maximum output height in m
Maximum output range in km

Number of output height points

Number of output range points
Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees
Gaseous absorption attenuation rate in dB/km
Number of wind speeds/ranges specified

Wind spe

ed (m/s),

Range

(km)

Number of refractivity profiles
Number of levels in refractivity profiles

Range of first refractivity profiles
: Height & M-unit value of ref.
10 Height & M-unit value of ref.
.66 Height & M-unit value of ref.
6 Height & M-unit value of ref.
54 Height & M-unit value of ref.
51 Height & M-unit value of ref.
53 Height & M-unit value of ref.
65 Height & M-unit value of ref.
96 Height & M-unit value of ref.
68 Height & M-unit value of ref.
67 Height & M-unit value of ref.
13 Height & M-unit value of ref.
25 Height & M-unit value of ref.
18 Height & M-unit value of ref.
44 Height & M-unit value of ref.
12 Height & M-unit value of ref.
33 Height & M-unit value of ref.
2 Height & M-unit value of ref.
92 Height & M-unit value of ref.
.69 Height & M-unit value of ref.
87 : Height & M-unit value of ref.
Number of ground composition types
Range (km) , ground type (integer),

8.7 FLTAS0.IN

LERR6 error flag

LERR12 error flag

Perform PE calcs only?

Frequency in MHz
Antenna height in m
type (1=0OMNI,2=GAUSS, 3=SINC(X),4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)

Antenna
Polariza

tion (0=HOR,

Beamwidth in deg

('.true.'

1=VER)

= yes,
Maximum PE calculation angle in degrees
PE range step multiplier
Troposcatter flag:

in km

profile
profile
profile
profile
profile
profile
profile
profile
profile
profile
profile
profile
profile
profile
profile
profile
profile
profile
profile
profile
profile

level
level
level
level
level
level
level
level
level 9
level 10
level 11
level 12
level 13
level 14
level 15
level 16
level 17
level 18
level 19
level 20
level 21

00U WN

HFRPPRPRPRRPPPRERRPERERPRERERRER

permittivity, conductivity

'.false.' = no)

(required if using PE calcs only, ignored otherwise)
(required if using PE calcs only, ignored otherwise)

'.false.'=no troposcatter,

'.true. '=troposcatter

(this value is ignored for OMNI and USRDEF antenna)
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0 Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 : Number of cut-back angles and factors (used for specific height-finder antenna)
0. : Minimum output height in m
100. : Maximum output height in m
50. : Maximum output range in km
20 : Number of output height points
1 : Number of output range points
Extrapolation flag
Surface absolute humidity in g/m3
Surface air temperature in degrees
Gaseous absorption attenuation rate in dB/km
Number of wind speeds/ranges specified
Number of refractivity profiles
Number of levels in refractivity profiles
: Range of first refractivity profiles in km
350. : Height & M-unit value of ref. profile 1, level 1
000. 468. : Height & M-unit value of ref. profile 1, level 2
Number of ground composition types
., 7, 7., 0.01 : Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points
10
0.0 10

UUOMNOHHFOONMHKHOOOOO

8.8 GASABS.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)

.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

20000. : Frequency in MHz

25. : Antenna height in m

1 : Antenna type (1=0OMNI,2=GAUSS,3=SINC(X),6 4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)

5 Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

0. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)

0 Minimum output height in m

200. : Maximum output height in m

50. : Maximum output range in km

20 : Number of output height points

1 : Number of output range points

0 : Extrapolation flag

10. : Surface absolute humidity in g/m3

25. : Surface air temperature in degrees

0. : Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 Number of refractivity profiles

2 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 350. : Height & M-unit value of ref. profile 1, level 1
1000. 468. : Height & M-unit value of ref. profile 1, level 2
1 Number of ground composition types

0., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity
0 Number of terrain range/height points

8.9 GAUSS.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)

.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

1000. : Frequency in MHz

25. : Antenna height in m

2 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)

0 : Polarization (0=HOR, 1=VER)
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1. Beamwidth in deg

0. Antenna elevation angle in deg

0 Number of cut-back angles and factors
0. Minimum output height in m

2000 Maximum output height in m

50. Maximum output range in km

20 Number of output height points

1 : Number of output range points

(this value is ignored for OMNI and USRDEF antenna)
(this value is ignored for OMNI and USRDEF antenna)
(used for specific height-finder antenna)

0 Extrapolation flag

0. Surface absolute humidity in g/m3

0. Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 Number of refractivity profiles

2 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 350. Height & M-unit value of ref. profile 1, level 1

1000 468. Height & M-unit value of ref. profile 1, level 2

1 Number of ground composition types

0., 0, 0., O. Range (km) , ground type (integer), permittivity, conductivity

0 Number of terrain range/height points

8.10 HIBW.IN

.true. LERR6 error flag

.true. LERR12 error flag

.false. Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

1000. Frequency in MHz

25. : Antenna height in m

3 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)

45. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

0. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 : Number of cut-back angles and factors (used for specific height-finder antenna)
0. : Minimum output height in m

2000 Maximum output height in m

50. Maximum output range in km

20 Number of output height points

1 : Number of output range points

8.11 HIEL.IN

(required if using PE calcs only,

0 Extrapolation flag

0. Surface absolute humidity in g/m3

0. Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 Number of refractivity profiles

2 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 350. Height & M-unit value of ref. profile 1, level 1
1000 468. Height & M-unit value of ref. profile 1, level 2
1 Number of ground composition types

0., 0, 0., O. Range (km) , ground type (integer), permittivity, conductivity
0 Number of terrain range/height points

ignored otherwise)
ignored otherwise)

'.true. '=troposcatter

.true. LERR6 error flag

.true. LERR12 error flag

.false Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees

1. : PE range step multiplier (required if using PE calcs only,

.false : Troposcatter flag: '.false.'=no troposcatter,

1000. Frequency in MHz

25. : Antenna height in m

2 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)
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1. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

10. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 : Number of cut-back angles and factors (used for specific height-finder antenna)
0. : Minimum output height in m

20000. : Maximum output height in m

50. : Maximum output range in km

20 : Number of output height points

1 : Number of output range points

0 Extrapolation flag

0. Surface absolute humidity in g/m3

0. Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 Number of refractivity profiles

2 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in kkm

0. 350. : Height & M-unit value of ref. profile 1, level 1

1000. 468. : Height & M-unit value of ref. profile 1, level 2

1 Number of ground composition types

0., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity

0 Number of terrain range/height points

8.12 HIFREQ.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)

.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

20000. : Frequency in MHz

25. : Antenna height in m

1 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)
0. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
0. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)
0. : Minimum output height in m
200. : Maximum output height in m
50. : Maximum output range in km
20 : Number of output height points
1 : Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Number of refractivity profiles

Number of levels in refractivity profiles

: Range of first refractivity profiles in km

350. : Height & M-unit value of ref. profile 1, level 1
000. 468. : Height & M-unit value of ref. profile 1, level 2
Number of ground composition types
., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points

OOHFHHFHOONMNMHKHOOOOO

8.13 HITRAN.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

1000. : Frequency in MHz

100. : Antenna height in m

1 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)

0. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
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0 Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 : Number of cut-back angles and factors (used for specific height-finder antenna)
0. : Minimum output height in m
1000. : Maximum output height in m
50. : Maximum output range in km
20 : Number of output height points
1 : Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Number of refractivity profiles

Number of levels in refractivity profiles

: Range of first refractivity profiles in km

350. : Height & M-unit value of ref. profile 1, level 1
000. 468. : Height & M-unit value of ref. profile 1, level 2
Number of ground composition types
., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points

OOHFHHFHOONMNMHKHOOOOO

8.14 HORZ.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)

.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

1000. : Frequency in MHz

25. : Antenna height in m

1 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X) ,6 4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)
0. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
0. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)
0. : Minimum output height in m
2000. : Maximum output height in m
50. : Maximum output range in km
20 : Number of output height points
1 : Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Number of refractivity profiles

Number of levels in refractivity profiles

: Range of first refractivity profiles in km

350. : Height & M-unit value of ref. profile 1, level 1
000. 468. : Height & M-unit value of ref. profile 1, level 2
Number of ground composition types
., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points

OORFrRPHOONMNKFOOOOO

8.15 HTFIND.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

1000. : Frequency in MHz

25. : Antenna height in m

5 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)

2. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
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0 Antenna elevation angle in deg
0 : Number of cut-back angles and factors
0 Minimum output height in m

Maximum output height in m
50. Maximum output range in km
20 Number of output height points

1 : Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Number of refractivity profiles

Number of levels in refractivity profiles

: Range of first refractivity profiles in km

350.

OOHFHHFHOONMNMHKHOOOOO

8.16 LOBW.IN

(this value is ignored for OMNI and USRDEF antenna)
(used for specific height-finder antenna)

. Height & M-unit value of ref. profile 1, level 1

000 468. Height & M-unit value of ref. profile 1, level 2
Number of ground composition types

., 0, 0., O. Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points

ignored otherwise)
ignored otherwise)

.true. LERR6 error flag

.true. LERR12 error flag

.false. Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only,

1. : PE range step multiplier (required if using PE calcs only,

.false. Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

1000. Frequency in MHz

25. : Antenna height in m

2 : Antenna type (1=0OMNI,2=GAUSS,3=SINC(X),6 4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)

.5 : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

0. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 : Number of cut-back angles and factors (used for specific height-finder antenna)
0. Minimum output height in m

2000 Maximum output height in m

50. Maximum output range in km

20 Number of output height points

1 : Number of output range points

8.17 LOEL.IN

0 Extrapolation flag

0. Surface absolute humidity in g/m3

0. Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 Number of refractivity profiles

2 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 350. Height & M-unit value of ref. profile 1, level 1
1000 468. Height & M-unit value of ref. profile 1, level 2
1 Number of ground composition types

0., 0, 0., O. Range (km) , ground type (integer), permittivity, conductivity
0 Number of terrain range/height points

ignored otherwise)
ignored otherwise)

.true. LERR6 error flag

.true. LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only,

1. : PE range step multiplier (required if using PE calcs only,

.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

1000. Frequency in MHz

25. : Antenna height in m

2 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)

1. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

-10. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
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0 : Number of cut-back angles and factors
0. : Minimum output height in m
20000.

(used for specific height-finder antenna)

Maximum output height in m
50. Maximum output range in km
20 Number of output height points
1 Number of output range points
0 Extrapolation flag
0. Surface absolute humidity in g/m3
0. Surface air temperature in degrees
0. Gaseous absorption attenuation rate in dB/km
0 Number of wind speeds/ranges specified
1 Number of refractivity profiles
2 Number of levels in refractivity profiles
0. : Range of first refractivity profiles in km
0. 350. Height & M-unit value of ref. profile 1, level 1
1000 468. Height & M-unit value of ref. profile 1, level 2
1 Number of ground composition types
0., 0, 0., O. Range (km) , ground type (integer), permittivity, conductivity
0 Number of terrain range/height points
8.18 LOFREQ.IN
.true. LERR6 error flag
.true. LERR12 error flag
.false. Perform PE calcs only? ('.true.' = yes, '.false.' = no)
0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter
100 Frequency in MHz
25. : Antenna height in m
1 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)
0. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
0. : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)
0. Minimum output height in m
5000 Maximum output height in m
50. Maximum output range in km
20 Number of output height points

1 : Number of output range points

8.19 LOTRAN.IN

0 Extrapolation flag

0. Surface absolute humidity in g/m3

0. Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 Number of refractivity profiles

2 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 350. Height & M-unit value of ref. profile 1, level 1
1000 468. Height & M-unit value of ref. profile 1, level 2
1 Number of ground composition types

0., 0, 0., O. Range (km) , ground type (integer), permittivity, conductivity
0 Number of terrain range/height points

ignored otherwise)
ignored otherwise)

.true. LERR6 error flag

.true. LERR12 error flag

.false. Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only,

1. : PE range step multiplier (required if using PE calcs only,

.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

1000. Frequency in MHz

1.5 Antenna height in m

1 Antenna type (1=OMNI,2=GAUSS, 3=SINC (X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)

0 Polarization (0=HOR, 1=VER)

0. Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

0. Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)
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0. : Minimum output height in m
10000. : Maximum output height in m
: Maximum output range in km

Number of output height points

Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Number of refractivity profiles

Number of levels in refractivity profiles

: Range of first refractivity profiles in km

350. : Height & M-unit value of ref. profile 1, level 1
000. 468. : Height & M-unit value of ref. profile 1, level 2
Number of ground composition types
., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points

RN O
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8.20 MPRT.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

300. : Frequency in MHz

800. : Antenna height in m

2 : Antenna type (1=0OMNI,2=GAUSS,3=SINC(X),6 4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)

1 : Polarization (0=HOR, 1=VER)

0.5 : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

-2.5 : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 : Number of cut-back angles and factors (used for specific height-finder antenna)

0. : Minimum output height in m

1100. : Maximum output height in m

60 : Maximum output range in km

1 Number of output height points

30 Number of output range points

0 : Extrapolation flag

7.5 : Surface absolute humidity in g/m3

0. : Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 Number of refractivity profiles

2 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 350. : Height & M-unit value of ref. profile 1, level 1
1000. 468. : Height & M-unit value of ref. profile 1, level 2
1 : Number of ground composition types

0., 7, 7.5, 0.01 : Range (km) , ground type (integer), permittivity, conductivity
5 : Number of terrain range (km)/height points

0. 0

10.0 0

30.0 600

50.0 0

60.0 0

8.21 PERW.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.true. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

10. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)

.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

300. : Frequency in MHz

10. : Antenna height in m

1 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),6 4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)

1 : Polarization (0=HOR, 1=VER)
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180.

0.

0

0.

1000

50

1

20

0

7.5

0.

0.

0

1

2

0. :
0. 350.
1000 468.
1 :
0., 7, 7.5,
11

0. 0
18.750 O
20.312 210
21.875 320
23.4375 375
25.000 390
26.5625 375
28.125 320
31.250 90
32.81250
50.000 O

Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
Number of cut-back angles and factors (used for specific height-finder antenna)
Minimum output height in m

Maximum output height in m

Maximum output range in km

Number of output height points

Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Number of refractivity profiles

Number of levels in refractivity profiles

Range of first refractivity profiles in km

Height & M-unit value of ref. profile 1, level 1
Height & M-unit value of ref. profile 1, level 2

Number of ground composition types

0.01 : Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range (km) /height points

8.22 PVT.IN
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9.510

12.690
15.870
19.040

LERR6 error flag
LERR12 error flag
Perform PE calcs only? ('.true.' = yes, '.false.' = no)
Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
PE range step multiplier (required if using PE calcs only, ignored otherwise)
Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter
Frequency in MHz
Antenna height in m
Antenna type (1=OMNI,2=GAUSS, 3=SINC (X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
Polarization (0=HOR, 1=VER)
Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
Number of cut-back angles and factors (used for specific height-finder antenna)
Minimum output height in m
Maximum output height in m
Maximum output range in km
Number of output height points
Number of output range points
Extrapolation flag
Surface absolute humidity in g/m3
Surface air temperature in degrees
Gaseous absorption attenuation rate in dB/km
Number of wind speeds/ranges specified
Number of refractivity profiles
Number of levels in refractivity profiles
Range of first refractivity profiles in km
Height & M-unit value of ref. profile 1, level 1
Height & M-unit value of ref. profile 1, level 2
Number of ground composition types
0.01 : Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range (km) /height points
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.220
.000
.780
.960
.130
.310
.490
.660
.830
.000

347
476
625

8.23 RDLONGB.IN

.tr
.tr

.false.

o

.false.

150

ue .
ue.

100.

o o+ o

74.100, 4,
100.200, O,

167

o
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.000
.300
.600
.900
.200
.500
.800
.100
.400
.700
.000
.300
.600
.900
.200
.500
.800

350.
350.
350.
468.

339.
368
319.
401

o OO oo

LERR6 error flag
LERR12 error flag
Perform PE calcs only? ('.true.' = yes, '.false.' = no)
Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
PE range step multiplier (required if using PE calcs only, ignored otherwise)
Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter
Frequency in MHz
Antenna height in m
Antenna type (1=OMNI,2=GAUSS, 3=SINC (X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
Polarization (0=HOR, 1=VER)
Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
Number of cut-back angles and factors (used for specific height-finder antenna)
Minimum output height in m
Maximum output height in m
Maximum output range in km
Number of output height points
Number of output range points
Extrapolation flag
Surface absolute humidity in g/m3
Surface air temperature in degrees
Gaseous absorption attenuation rate in dB/km
Number of wind speeds/ranges specified
Number of refractivity profiles
Number of levels in refractivity profiles
Range of first refractivity profiles in km
Height & M-unit value of ref. profile 1, level 1
Height & M-unit value of ref. profile 1, level 2
Height & M-unit value of ref. profile 1, level 3
Height & M-unit value of ref. profile 1, level 4
Range of second refractivity profiles in km

Height & M-unit value of ref. profile 2, level 1
.5 : Height & M-unit value of ref. profile 2, level 2
Height & M-unit value of ref. profile 2, level 3
.6 : Height & M-unit value of ref. profile 2, level 4

Number of ground composition types

Range (km) , ground type (integer), permittivity, conductivity

., 0. Range (km) , ground type (integer), permittivity, conductivity
., 0. Range (km) , ground type (integer), permittivity, conductivity
., 0. Range (km) , ground type (integer), permittivity, conductivity
., 0. : Range (km) , ground type (integer), permittivity, conductivity
0., 0. : Range(km), ground type (integer), permittivity, conductivity
Number of terrain range/height points

8 : Range & height of terrain point 1 in km

8

9

9
10
11
12
13
14
15 : Range & height of terrain point 10 in km
17
19
21
23
25
27
28

58



WWOWWOW®OWIIJIOooOo u ulu

.100
.400
.700
.000
.300
.600
.900
.200
.500
.800
.100
.400
.700
.300
.600
.900
.200
.800
.100
.600
.900
.400
.700
.000
.300
.600
.900
.200
.500
.800
.400
.700
.000
.300
.600
.900
.200
.500
.800
.100
.400
.700
.000
.300
.600
.900
.200
.500
.800
.400
.700
.600
.900
.200
.500
.100
.400
.700
.000
.300
.600
.900
.200
.500
.500
.800
.100
.400
.700
.600
.900
.200
.500
.800
.100
.400

Range & height of terrain point 20 in km

Range & height of terrain point 30 in km

Range & height of terrain point 40 in km

Range & height of terrain point 50 in km

Range & height of terrain point 60 in km

Range & height of terrain point 70 in km

Range & height of terrain point 80 in km

Range & height of terrain point 90 in km
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68.700
73.800
74.100
74.400
74.700
75.000
75.300
75.600
75.900
76.200
76.500
76.800
77.100
77.400
77.700
78.000
78.300
78.600
78.900
79.200
79.500
79.800
80.100
80.400
80.700
81.000
81.300
81.600
81.900
82.200
82.500
82.800
83.100
83.400
83.700
84.000
84.300
84.600
84.900
85.200
85.500
85.800
86.100
86.700
87.000
87.300
87.600
87.900
89.400
89.700
90.000
90.300
90.600
90.900
91.200
91.500
91.800
92.100
92.400
92.700
93.000
93.300
93.600
93.900
96.300
96.600
96.900
97.500
97.800
98.100
99.300
99.600
99.900
100.200

143

107
152
152
170
152

66

70
121
152
170
141
139
147
177
152

61
70
44
11

61
84
152

bR
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MONOUTO RN

MNNMNWWNRFRFRFRPORFRRFEFORR

Range & height of terrain point 100 in km

Range & height of terrain point 110 in km

Range & height of terrain point 120 in km

Range & height of terrain point 130 in km

Range & height of terrain point 140 in km

Range & height of terrain point 150 in km

Range & height of terrain point 160 in km

Range & height of terrain point 167 in km
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8.24 RNGDEP.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

3000. : Frequency in MHz

25. : Antenna height in m

1 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),6 4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)

5. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

0 : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)
0. : Minimum output height in m

2000. : Maximum output height in m

250. : Maximum output range in km

20 : Number of output height points

1 : Number of output range points

0 Extrapolation flag

0. Surface absolute humidity in g/m3

0. Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

2 Number of refractivity profiles

4 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 330. : Height & M-unit value of ref. profile 1, level 1

100 342.5 : Height & M-unit value of ref. profile 1, level 2

230 312.5 : Height & M-unit value of ref. profile 1, level 3

2000. 517.8 : Height & M-unit value of ref. profile 1, level 4

250. : Range of second refractivity profiles in km

0. 330. : Height & M-unit value of ref. profile 2, level 1

600. 405. : Height & M-unit value of ref. profile 2, level 2

730. 375. : Height & M-unit value of ref. profile 2, level 3

2000. 522.3 : Height & M-unit value of ref. profile 2, level 4

1 : Number of ground composition types

0., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity

0 : Number of terrain range (km)/height points

8.25 SBDUCT.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

3000. : Frequency in MHz

25. : Antenna height in m

2 : Antenna type (1=0OMNI,2=GAUSS,3=SINC(X),6 4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)

5. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

0 : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)
0. : Minimum output height in m

5000. : Maximum output height in m

200. : Maximum output range in m

20 : Number of output height points

1 : Number of output range points

0 Extrapolation flag

0. Surface absolute humidity in g/m3

0. Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 Number of refractivity profiles

4 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 339.0 : Height & M-unit value of ref. profile 1, level 1
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250. 368.
300. 319.
1000. 401.
1

0., 0, 0., O.

5 : Height & M-unit value of ref. profile 1, level 2

0 : Height & M-unit value of ref. profile 1, level 3

6 : Height & M-unit value of ref. profile 1, level 4

Number of ground composition types

Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points

8.26 SBDUCTREF.IN

339.
250. 368.
300. 319.
1000. 401.

0., 0, 0., O.

LERR6 error flag

LERR12 error flag

Perform PE calcs only? ('.true.' = yes, '.false.' = no)

Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
PE range step multiplier (required if using PE calcs only, ignored otherwise)
Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

Frequency in MHz

Antenna height in m

Antenna type (1=OMNI,2=GAUSS, 3=SINC (X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
Polarization (0=HOR, 1=VER)

Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
Number of cut-back angles and factors (used for specific height-finder antenna)
Minimum output height in m

Maximum output height in m

Maximum output range in km

Number of output height points

Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Wind speed (m/s), Range (km)

Number of refractivity profiles

Number of levels in refractivity profiles

Range of first refractivity profiles in km

0 : Height & M-unit value of ref. profile 1, level 1
5 : Height & M-unit value of ref. profile 1, level 2
0 : Height & M-unit value of ref. profile 1, level 3
6 : Height & M-unit value of ref. profile 1, level 4

Number of ground composition types
Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points

8.27 SINEX.IN

LERR6 error flag

LERR12 error flag

Perform PE calcs only? ('.true.' = yes, '.false.' = no)

Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
PE range step multiplier (required if using PE calcs only, ignored otherwise)
Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

Frequency in MHz

Antenna height in m

Antenna type (1=OMNI,2=GAUSS, 3=SINC (X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
Polarization (0=HOR, 1=VER)

Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
Number of cut-back angles and factors (used for specific height-finder antenna)
Minimum output height in m

Maximum output height in m

Maximum output range in km

Number of output height points

Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Number of refractivity profiles
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2

0

0. 350
1000. 468
1
0
0

., 0, 0., 0

Number of levels in refractivity profiles

Range of first refractivity profiles in km

. : Height & M-unit value of ref. profile 1, level 1

. : Height & M-unit value of ref. profile 1, level 2

Number of ground composition types

. Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points

8.28 TROPOS.IN

350
000. 468

OOHFHHFHOONMNMHKHOOOOO

., 0, 0., O.

LERR6 error flag

LERR12 error flag

Perform PE calcs only? ('.true.' = yes, '.false.' = no)

Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
PE range step multiplier (required if using PE calcs only, ignored otherwise)
Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

Frequency in MHz

Antenna height in m

Antenna type (1=0OMNI,2=GAUSS, 3=SINC (X),4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
Polarization (0=HOR, 1=VER)

Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)

: Number of cut-back angles and factors (used for specific height-finder antenna)

Minimum output height in m

Maximum output height in m

Maximum output range in m

Number of output height points

Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Number of refractivity profiles

Number of levels in refractivity profiles

Range of first refractivity profiles in km

. : Height & M-unit value of ref. profile 1, level 1
. : Height & M-unit value of ref. profile 1, level 2
Number of ground composition types

Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points

8.29 TROPOT.IN

LERR6 error flag

LERR12 error flag

Perform PE calcs only? ('.true.' = yes, '.false.' = no)

Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
PE range step multiplier (required if using PE calcs only, ignored otherwise)
Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

Frequency in MHz

Antenna height in m

Antenna type (1=OMNI,2=GAUSS, 3=SINC (X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
Polarization (0=HOR, 1=VER)

Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
Number of cut-back angles and factors (used for specific height-finder antenna)
Minimum output height in m

Maximum output height in m

Maximum output range in m

Number of output height points

Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Number of refractivity profiles

Number of levels in refractivity profiles
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74.100,
100.200,
169
.000
.300
.600
.900
.200
.500
.800
.100
.400
.700
.000
.300
.600
.900
.200
.500
.800
.100
.400
.700
.000
.300
.600
.900
.200
.500
.800
.100
.400
.700
.300
.600
.900
.200
.800
.100
.600
.900
.400
.700
.000
.300
.600
.900
.200
.500
.800
.400
.700
.000
.300
.600
.900
.200
.500
.800
.100
.400
.700
.000
.300
.600
.900
.200
.500

o
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Range of first refractivity profiles in
350. Height & M-unit value of ref.
468. Height & M-unit value of ref.

Number of ground composition types
Range (km) , ground type (integer),

0., O.
Number of terrain range/height points
Range (km) & height (m)

Range (km) & height (m)

Range (km)

& height (m)

Range (km)

& height (m)

Range (km) & height (m)

o)

Range (km) & height (m)

Range (km) & height (m)

km
profile 1,
profile 1,

level 1
level 2

permittivity, conductivity

of terrain point 1

of terrain point 10

of terrain point 20

of terrain point 30

of terrain point 40

of terrain point 50

of terrain point 60
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.800
.400
.700
.600
.900
.200
.500
.100
.400
.700
.000
.300
.600
.900
.200
.500
.500
.800
.100
.400
.700
.600
.900
.200
.500
.800
.100
.400
.700
.800
.100
.400
.700
.000
.300
.600
.900
.200
.500
.800
.100
.400
.700
.000
.300
.600
.900
.200
.500
.800
.100
.400
.700
.000
.300
.600
.900
.200
.500
.800
.100
.400
.700
.000
.300
.600
.900
.200
.500
.800
.100
.700
.000
.300
.600
.900

107
152
152

Range (km) & height (m) of terrain point 70

Range (km) & height (m) of terrain point 80

Range (km) & height (m) of terrain point 90

Range (km) & height (m) of terrain point 100

Range (km) & height (m) of terrain point 110

Range (km) & height (m) of terrain point 120

Range (km) & height (m) of terrain point 130

Range (km) & height (m) of terrain point 140
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.400
.700
.000
.300
.600
.900
.200
.500
.800
.100
.400
.700
.000
.300
.600
.900
.300
.600
.900
.500
.800
.100
.300
.600
.900

100.200
100.200
200.000

OO O OO0 O0ODO0OO0OO0OHHFHFOOODOOOOODOOOOOOOoOOoOo

61
84
152

B
N B o Ul
cuvorN

Range (km) & height (m) of terrain point 150

=
> o N

Range (km) & height (m) of terrain point 160

MNNMNWWNRFRFFRPORFRRFEFORPR

o
R

0. : Range(km) & height(m) of terrain point 167

8.30 USERDEFA

LERR6 error flag

LERR12 error flag

Perform PE calcs only? ('.true.' = yes, '.false.' = no)

Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)

PE range step multiplier (required if using PE calcs only, ignored otherwise)

Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

Frequency in MHz

Antenna height in m

Antenna type (1=OMNI,2=GAUSS, 3=SINC (X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)

Polarization (0=HOR, 1=VER)

Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
Number of angle/factor pairs (used for antenna types 6 and 7)

.017
.044
.080
.126
.182
.245
.316
.389
.479
.556
.631
.716
.785
.861
.912
.966
.998
.000
.000
.966
.902
.822
.742
.646
.569
.501
.452
.422
.402
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12 0.389

13 0.375

14 0.359

15 0.339

16 0.305

17 0.276

18 0.245

19 0.221

20 0.210

21 0.199

22 0.190

23 0.180

24 0.164

25 0.148

26 0.130

27 0.110

28 0.095

29 0.077

30 0.070

31 0.065

32 0.058

33 0.050

34 0.039

35 0.031

36 0.025

0. : Minimum output height in m
3000. : Maximum output height in m
300. : Maximum output range in km
20 : Number of output height points
1 : Number of output range points

0 Extrapolation flag

0 Surface absolute humidity in g/m3

0 Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 : Number of wind speeds/ranges specified

1 : Number of refractivity profiles

4 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 339.0 : Height & M-unit value of ref. profile

1, level 1
250. 368.5 : Height & M-unit value of ref. profile 1, level 2
300. 319.0 : Height & M-unit value of ref. profile 1, level 3
1000. 401.6 Height & M-unit value of ref. profile 1, level 4
1 : Number of ground composition types
0., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity
0 : Number of terrain range/height points
8.31 USERHF.IN
.true. : LERR6 error flag
.true. : LERR12 error flag
.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)
0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter
1000. : Frequency in MHz
25. : Antenna height in m
6 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)
1. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
0. Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
10 : Number of angle/factor pairs (used for antenna types 6 and 7)
1.0 0.9
1.5 0.8
2.0 0.7
2.5 0.6
3.0 0.5
3.5 0.4
4.0 0.3
4.5 0.2
5.0 0.1
5.5 0.0
0. Minimum output height in m
2000. : Maximum output height in m
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50.0

20

1

0

0.

0.

0.

0

1

2

0. :
0. 350
1000. 468
1

0., 0, 0., O.
0

Maximum output range in km

Number of output height points

Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Number of refractivity profiles

Number of levels in refractivity profiles

Range of first refractivity profiles in km

. : Height & M-unit value of ref. profile 1, level 1
. : Height & M-unit value of ref. profile 1, level 2
Number of ground composition types

Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points

8.32 VERT.IN

350
000. 468

OORFrRPRKHOONMNKFOOOOO

., 0, 0., O.

LERR6 error flag

LERR12 error flag

Perform PE calcs only? ('.true.' = yes, '.false.' = no)

Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
PE range step multiplier (required if using PE calcs only, ignored otherwise)
Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter
Frequency in MHz

Antenna height in m

Antenna type (1=OMNI,2=GAUSS, 3=SINC (X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
Polarization (0=HOR, 1=VER)

Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
Number of angle/factor pairs (used for antenna types 6 and 7)

Minimum output height in m

Maximum output height in m

Maximum output range in km

Number of output height points

Number of output range points

Extrapolation flag

Surface absolute humidity in g/m3

Surface air temperature in degrees

Gaseous absorption attenuation rate in dB/km

Number of wind speeds/ranges specified

Number of refractivity profiles

Number of levels in refractivity profiles

Range of first refractivity profiles in km

. : Height & M-unit value of ref. profile 1, level 1

. : Height & M-unit value of ref. profile 1, level 2

Number of ground composition types

Range (km) , ground type (integer), permittivity, conductivity

Number of terrain range/height points

8.33 VERTMIX.IN

LERR6 error flag

LERR12 error flag

Perform PE calcs only? ('.true.' = yes, '.false.' = no)

Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
PE range step multiplier (required if using PE calcs only, ignored otherwise)
Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

Frequency in MHz

Antenna height in m

Antenna type (1=0OMNI,2=GAUSS, 3=SINC (X),4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
Polarization (0=HOR, 1=VER)

Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
Number of angle/factor pairs (used for antenna types 6 and 7)

Minimum output height in m

Maximum output height in m

Maximum output range in km

Number of output height points
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1 Number of output range points

0 Extrapolation flag

0. Surface absolute humidity in g/m3

0. Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 Number of refractivity profiles

2 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 350. : Height & M-unit value of ref. profile 1, level 1

1000. 468. : Height & M-unit value of ref. profile 1, level 2

2 Number of ground composition types

0., 4, 0., O. : Range (km) , ground type (integer), permittivity, conductivity
25.0, 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity
2 Number of terrain range/height points

0. 0. : Range (km) & height (m) of terrain point 1

50. 0. : Range (km) & height (m) of terrain point 2

8.34 VERTSEA.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

100. : Frequency in MHz

25. : Antenna height in m

1 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)

1 : Polarization (0=HOR, 1=VER)

1. : Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

0 : Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 : Number of cut-back angles and factors (used for specific height-finder antenna)

0. : Minimum output height in m

1000. : Maximum output height in m

300. : Maximum output range in km

20 : Number of output height points

1 : Number of output range points

0 Extrapolation flag

0 Surface absolute humidity in g/m3

0 Surface air temperature in degrees

0. : Gaseous absorption attenuation rate in dB/km
0 : Number of wind speeds/ranges specified

1 : Number of refractivity profiles

4 Number of levels in refractivity profiles

0 : Range of first refractivity profiles in km

0 339.0 : Height & M-unit value of ref. profile

. 1, level 1
250. 368.5 : Height & M-unit value of ref. profile 1, level 2
300. 319.0 : Height & M-unit value of ref. profile 1, level 3
1000. 401.6 : Height & M-unit value of ref. profile 1, level 4
1 : Number of ground composition types
0., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity
0 : Number of terrain range/height points
8.35 VERTUSRD.IN
.true. : LERR6 error flag
.true. : LERR12 error flag
.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)
0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter
100. : Frequency in MHz
10. : Antenna height in m
1 : Antenna type (1=0OMNI,2=GAUSS,3=SINC(X),6 4=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
1 : Polarization (0=HOR, 1=VER)
1. Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)
0. Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 Number of cut-back angles and factors (used for specific height-finder antenna)
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0. : Minimum output height in m
1000. : Maximum output height in m
: Maximum output range in km
Number of output height points
Number of output range points
Extrapolation flag
Surface absolute humidity in g/m3
Surface air temperature in degrees
Gaseous absorption attenuation rate in dB/km
Number of wind speeds/ranges specified
Number of refractivity profiles
Number of levels in refractivity profiles
: Range of first refractivity profiles in km
350. : Height & M-unit value of ref. profile 1, level 1
000. 468. : Height & M-unit value of ref. profile 1, level 2
Number of ground composition types
., 7, 3., 6.e-4 : Range (km) , ground type (integer), permittivity, conductivity
Number of terrain range/height points
0. : Range (km) & height (m) of terrain point 1
0. 0. : Range (km) & height (m) of terrain point 2
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8.36 WEDGE.IN

.true. : LERR6 error flag

.true. : LERR12 error flag

.false. : Perform PE calcs only? ('.true.' = yes, '.false.' = no)

0. : Maximum PE calculation angle in degrees (required if using PE calcs only, ignored otherwise)
1. : PE range step multiplier (required if using PE calcs only, ignored otherwise)
.false. : Troposcatter flag: '.false.'=no troposcatter, '.true.'=troposcatter

1000. : Frequency in MHz

25. : Antenna height in m

1 : Antenna type (1=OMNI,2=GAUSS,3=SINC(X),64=COSEC2,5=HTFIND, 6=USRHTFIND, 7=USRDEF)
0 : Polarization (0=HOR, 1=VER)

1. Beamwidth in deg (this value is ignored for OMNI and USRDEF antenna)

0. Antenna elevation angle in deg (this value is ignored for OMNI and USRDEF antenna)
0 : Number of cut-back angles and factors (used for specific height-finder antenna)
0. : Minimum output height in m

1000. : Maximum output height in m

100. : Maximum output range in km

20 : Number of output height points

1 : Number of output range points

0 Extrapolation flag

0. Surface absolute humidity in g/m3

0. Surface air temperature in degrees

0. Gaseous absorption attenuation rate in dB/km

0 Number of wind speeds/ranges specified

1 Number of refractivity profiles

2 Number of levels in refractivity profiles

0. : Range of first refractivity profiles in km

0. 350. : Height & M-unit value of ref. profile 1, level 1

1000. 468. : Height & M-unit value of ref. profile 1, level 2

1 Number of ground composition types

0., 0, 0., O. : Range (km) , ground type (integer), permittivity, conductivity

5 Number of terrain range/height points

0. 0. : Range (km) & height (m) of terrain point 1

45.0 0. : Range (km) & height (m) of terrain point 2

50.0 200. : Range(km) & height (m) of terrain point 3

55.0 0. : Range (km) & height (m) of terrain point 4

100.0 0. : Range (km) & height (m) of terrain point 5
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